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PROFESSOR OSCAR ORIAS 


(1905 - 1955) 


ppsornesce: OscaR ORiAs, director of the “Instituto de Investigacion 
Médica-Mercedes y Martin Ferreyra”, former professor of Physio- 
logy in the Faculty of Medicine of the University of Cordoba (Argentina) 
died of a heart attack in Cérdoba, the 4th of June. Born in Jujuy the 
4th of August of 1905, he studied medicine in the University of Buenos 
Aires obtaining his M. D. degree in 1928. While still a student he became 
an instructor in the Institute of Physiology of the Faculty of Medicine 
of Buenos Aires where he found his master, Professor Bernardo A. 
Houssay, and discovered his vocation: physiology. 

His first attempt in the field of research was his thesis on Hemo- 
globin, which obtained for him the Faculty prize to the best thesis of 
the year. With a fellowship of the Rockefeller Foundation he went to 
the United States where he stayed nearly two years working first under 
Professor Carl J. Wiggers in Cleveland and then under Professor Walter 
B. Cannon in Boston. With Wiggers, he learned the optical method for 
the recording of the heart activities and published a paper on the hemo- 
dynamic changes caused by the ligature of the circumflex coronary 
artery. Furthermore, he learned from Wiggers the eagerness for pre- 
cision, the critical attitude and the application of physics and mathema- 
tics in physiology. With Cannon he worked on ganglionic transmission 
and benefited from the contact with such a stimulating teacher. 

In 1933 he returns to his native country decided to work full-time 
in physiological research and teaching. Professor Houssay appointed 
him as “Director of research in Circulation” in the Institute of Physio- 
logy. His first preoccupation was to install a laboratory for graphic 
recording of cardiac activity. I had the good fortune of being appoin- 
ted as his assistant and his example and teachings were a great stimulus 
in my future career. Very soon after his arrival we began working on 
the hemodynamic consequences of the ligature of the anterior descending 
branch of the left coronary artery and we started to record the heart 
sounds in normal individuals. 

The optical recording of heart sounds and venous and arterial pulse 
was then a novelty in our country. Dr. Orias gave a practical course on 
this subject which was attended by the most promising young cardio- 
logists of the time, among which I remember: Antonio Battro, Pedro 
Cossio, J. Garcia del Rio, Blas Moia, Luis A. Solari and Alberto C. Ta- 
quini, among others. They immediately understood the importance which 


the application of those methods could have in clinical investigation and 
soon the hospital wards under their charge were equipped with Frank 
and Dean and Wiggers’s capsules, slit lamps and photokymographs for 
the obtention of optical records of the various pulses and the heart 
sounds. A close collaboration was established between the Institute of 
Physiology and those hospitals and many investigations were made on 
the heart sounds in pathological conditions. 

During this period, Orias began his training in practical teaching 
and lecturing. In 1934 the chair of Physiology in the University of 
Cérdoba became vacant and the authorities of the University asked 
Professor Houssay to suggest a candidate for the chair. Professor Hous- 
sav had the clairvoyance and the boldness of recommending Orias. 
Boldness because, although Orias had already proved his value as an in- 
vestigator and a teacher, he was a very young man, still in his late 
twenties. Clairvovance because he foreknew that Orias’s passion for 
learning and for seeking the truth, his integrity and his impetuous 
desire to contribute to the progress of his country and to transmit 
knowledge would overcome any difficulty or obstacle. 

Notwithstanding some objections and resistance, Orias was at last 
nominated Professor of Physiology and Director of the Institute of 
Physiology in the Faculty of Medicine of the University of Cordoba in 
1935. A period of intense activity then begins. In the course of 8 years 
-—from 1935 to 1943— Professor Orias accomplishes a huge task. He 
organizes the chair of Physiology, obtaining funds for new buildings, 
for modern equipment, for a well provided library; training a group of 
collaborators and assistants, giving lectures and directing practical ins- 
truction. His efficiency as a teacher soon awakes the respect and admi- 
ration of students and colleagues, who recognize in the young professor 
a real master. Because of his knowledge, his equanimity, his true uni- 
versitary spirit, he gradually becomes a leader in the University. 

But before attaining this status, even before having appropiated 
premises and apparatus, Orias started his research work with the few 
elements at his disposal. His devotion and enthusiasm for research attrac- 
ted many young doctors, who for the first time had the opportunity 
of seeing an investigator in action and obtaining some training in me- 
dical research. From the brand-new Institute of Physiology soon sprang 
forth scientific papers and thesis and Orias became the chief of a school 
which rapidly acquired national and international prestige. Among his 
pupils are: Inés L. C. de Allende, S. Amuchastegui, J. J. Astrada, A. 
Caeiro, L. Chait, I. Maldonado-Allende, Carlos Martinez, E. Moisset de 
Espanés, J. C. Pereira, Angel Segura, S. Taleisnik and many others. 

In 1943, Orias was dismissed by the government for signing a ma- 
nifesto asking for “effective democracy and american solidarity”. He 
then came to Buenos Aires when the private “Instituto de Biologia y 
Medicina Experimental” was founded. The new Institute was installed 
in an old private house and had then very few elements for research: 
a dozen rats to initiate the nursery, a few books and journals which 
belonged to its occupants, and practically no equipment. In contrast its 
staff consisted of three full professors of Physiology: Bernardo A. Hous- 
say, J. T. Lewis and O. Orias and two associate professors: V. G. Foglia 


and myself. It was then that we decided to write the textbook on Human 
Physiology, exerting by means of the printed words the vocation we 
could not exert orally. 

In 1946, when the University of Cordoba recuperated its autonomy, 
Orias was called back to his chair. But a few months later, he resigned 
to his post when Professor Houssay was dismissed for the second time 
in September of the same year. His Cordobean friends and colleagues 
asked him to stay and established for him the “Instituto de Investigacion 
Médica-Mercedes y Martin Ferreyra” which soon ofter, thanks to the 
generosity of the Ferreyra family, was provided with a magnificent 
building inaugurated in 1951. The Rockefeller Foundation supplied most 
of the equipment and the Fundacién Sauberan as weil as the members 
of the local Rotary Clubs gave the necessary funds. In his new Institute, 
Orias was surrounded by a few of his loyal disciples and friends and 
he attracted young colleagues anxious to be initiated in medical research. 
He died suddenly, in the middle of one of his working days. 

The original contributions of Orias can be divided into three chap- 
ters. First, in Cardiology, his work on the heart sounds in normal and 
pathological conditions is fundamental, not only because he discovered 
new facts, but also because he systematized notions which were not 
generally accepted and awoke here and abroad, the interest for the 
graphic recording of the heart sounds as a tool for research and 
method fer diagnosis. Although many collaborators and pupils contri- 
buted to the task, Orias was undoubtedly the initiator and main propulsor 
of the studies which were to be incorporated in the book on “Heart 
sounds in normal and pathological conditions” of which I was co-author 
and which appeared in Spanish in 1937 and was translated into English 
by R. A. Gregory in 1938. Among his more fundamental contributions to 
this subject are the notion that the auricular and the third sounds are 
normal phenomena which may be recorded in a great number of persons, 
the importance of the venous pulse as a reference tracing for the recogni- 
tion of the origin and chronology of normal and pathological heart 
sounds, the recognition that the gallop rhythms are the consequence of 
the pathological accentuation of normal sounds, the demonstration of 
the complexity of the first heart sound and of ventricular asynchronism 
in bundle branch block. 


Orias was the first to study the hemodynamic disturbances due to 
the occlusion of branches of the coronary arteries. His analysis of the 
intraventricular and aortic pressure curves allowed him to study the 
mechanisms by which the intact myocardial fibers compensate for the 
defficient contractility of the ischemic fibers and led him to study the 
mechanism of death due to coronary occlusion. 


The genesis of the electrocardiogram and the excitability of the 


heart aroused his interest. During his Visiting Professorship in the De- 
partment of Physiology of the Long Island College of Medicine he wor- 
ked on the excitability of the heart in different moments of the cardiac 
cycle. These studies, which were made with Prof. C. McC. Brooks and 
his collaborators, were to be collected in a book; and for its preparation 
Orias moved to New York in 1954 being Prof. Brook’s guest during a 
month. 
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Another chapter which owes to Orias and his school important con- 
tributions is sexual endocrinology. They started with the classical stu- 
dies of Dr. Ines L. C. de Allende on the sexual functions of the toad and 
were followed by Martinez-Esteve’s and Molina Ahumada’s studies on 
the opossum and the otter respectively. Then followed original inves- 
tigations on the vaginal cytology which were published in the book by 
Allende and Orias on “Human vaginal cytology in normal-and pathologi- 
cal conditinos’’ which was translated into English by Professor George 
Corner. With Allende, Astrada and other collaborators,,many aspects 
of the sexual function of the female toad were clarified, the article ap- 
pearing in this number being a general review of that important work. 

Apart from other various contributions, Orias also made several 
studies on the pharmacology of alloxan, histamine, acetylcholine and the 
active principles of regional plants such as Fagara coco, Nierembergia 
hippomanica, Lycopodium saururus, etc. 

This cursory review of the career and work of Dr. Orias suffices to 
demonstrate that Argentina has lost by his death one of its most illus- 
trious personalities in the field of physiological teaching and research. 
But Dr. Orias was not only a great professor and investigator, he was 
also a man of value, excelling in all the various states and conditions 
which life bestowed upon him. Which were the virtues and qualities 
which made of him a model in every field? 

In the first place, he believed in the existence of truth and in the 
possibility of attaining truth by the scientific method, and once attained 
he adhered totally and unconditionally to that truth, grievously acquired. 
Because of that, some persons considered him intolerant. He certainly 
was intolerant against falsehood, lie, simulation; he hated every kind 
of imposture in any field: scientific or extrascientific. 

Secondly, Orias believed in the value of work, effort and sacrifice. 
He considered that every human act had some present importance and 
future projection. Because of that, he always did everything as well as 
possible; no task was considered unimportant and all his intelligence, 
his knowledge, his time and his inexhaustible capacity for work were 
pod employed in each successive task. Age quod agis seemed to be his 

evice. 

Thirdly, Orias was fundamentally generous. He not only gave him- 
self entirely to his duties, he gave himself entirely to his follow creatu- 
res. I have not met any other person as free from egotism as Orias. He 
never thought, when generously giving his time, energy and talent to 
others, if by doing so he benefited or harmed his own interests. 

These three principal virtues —his eagerness for seeking the truth 
and his love of truth, his conviction in the projection towards the future 
of every human action and his overflowing generosity— were practised 
with such intensity and sincerity that it is not risky to assume that 
God has elevated them to the category of the three theological virtues: 
faith, hope and charity. 

Dr. Orias is survived by his devoted wife, Mrs. Olga A. de Orias 
and his three children: Eduardo, Martha and Raul. 


EDUARDO BRAUN-MENENDEZ 
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HYPOPHYSIS AND OVULATION IN THE TOAD 
BUFO ARENARUM (HENSEL) 


INEs L. C. DE ALLENDE AND OSCAR ORIAS 


(Instituto de Investigacién Médica Mercedes y Martin Ferreyra. Casilla de 
Correo 389, Cérdoba, Argentina) 


INTRODUCTION 


[® NATURAL CONDITIONS, during the spring and in zones like Cordoba 
(Argentina) when the rainy season begins (late spring or early sum- 
mer), the phenomena of reproduction take place in anuran amphibians, in 
general, and more particulary in the toad Bufo arenarum Hensel, which 
more directly concerns us. When the moment comes, male and female come 
on heat, a condition which is characterized in the male by its tendency to 
clasp the female and is this one by its inclination to accept the clasp. 

The clasp constitutes the sexual mating which results in ovulation 
and oviposition in the female and the discharge of spermatozoa in the 
male. In short, fecundation, which in these animals, is an external 
proceeding, is thus accomplished. During the clasp the male surrounds 
with its arms the trunk of the female under the armpits, placing itself 
in an astride position upon it. It is necessary for the clasp to produce 
ovulation, that it be continued for several hours, and that the female 
feels in her natural surroundings. If the animals are in captivity, in 
sinks, or even in gardens or enclosed areas not very wide, the male 
generally embraces the female, but in these conditions, even if the 
embrace is prolonged for several days, ovulation only exceptionally takes 
place. Several experimental studies, performed in different countries 
and specially in our own by B. A. Houssay and his school, to which we are 
honoured to belong, have shed considerable light on the different pro- 
cesses which result in oviposition and fecundation in amphibia. The 
purpose of this article is to pressent in an integrated and connected 
form the information acquired during several years of research by the 
present authors, taking into account, of course, the results obtained by 
other investigators as well, working on the same field. 
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II. — THE SEXUAL SYSTEM OF THE FEMALE TOAD 


The female sexual system in Bufo arenarum Hensel, as in other 
anurans (*'), consists of: 1) The ovary, which produces the germinal 
cells. 2) The oviducts, whose function is not only the transportation of 
ova once ovulation has taken place, but also the elaboration of the 
hyaline substance which constitutes the sheath inside which the ova are 
carried outside forming two long chains, one from each oviduct. 3) The 
so called uterine sacs, or more properly the ovothecae * inside which the 
ovular chains are temporaly stored immediately before their release 
through the cloaca, into which their distal ends open. 4) The fatty 
bodies, topographically connected with the ovaries, the function of 
which is to provide nutrient material. principally, to maintain and com- 
plete the development of the gonads during the winter starvation period. 


1) Ovary.—In the adult female, before mating, the ovaries ap- 
pear as two widely developed lateral masses, which, extending as far 
as the midplane, cover most of the abdominal viscera. With a black 
and shiny surface, they show by transparency a granular structure 
produced by an infinity of small spherical corpuscles. The majority of 
these are perceptively alike, bipigmented, with a clear yellowish pole 
contrasting with the shiny black color of the rest of their mass. At 
closer examination several other, smaller and completely clear corpus- 
cles, may be seen among them. Each one of the masses constitutes an 
ovary and the granules which sprinkle their surface are ova at different 
stages of development. 


The ovary is formed by lobuli. Each one of them is a little flatte- 
ned, pear shaped, about 2cm long and 1 cm wide, with its apex towards 
the mesovarium. Their cavity is virtual. There are from 20 to 30 lobuli 
in each ovary. The walls of the little ovarial sacs are constituted 
by two connective leaflets which hold the ova in between, forming a 
continuous laver. The prominence of the ova is more marked to vard 
the outside of the ovarial sacs. The amount of ripe ova: contained in 
the ovary of a medium sized female is enormous (about 23 000 ripe ova 
per ovary). In the sexually mature female at any moment, except 
immediately after ovulation, three generations of ova can be simulta- 
neously found: 1) large bipigmented ova, destined for the more imme- 
diate oviposition; 2) medium sized ova, uniformly coloured in ivory 
yellow, destined for the subsequent oviposition and 3) very small, hardly 
visible ova, destined for still later ovipositions. Immediately after ovipo- 
sition only ova corresponding to the two youngest generations can be 
seen in the ovary. 


Although ovulations occur annuallv, the complete evcle for each 
ovular generation lasts really three years, which is the time required 
for its complete development. This is a classical knowledge, perfectly 
described by Gaupp (*') for the frog, which we have confirmed for 
bufo arenarum Hensel (°). 


* Name suggested and used by the present authors. 
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The ovary may show spontaneous movements due to contraction 
of muscle fibers located mainly in the meso-ovarium but extending 
themselves among the ovarial sacs as well. The pharmacological reac- 
tions of these fibers have been studied by Rapela, Houssay and Galli- 
Mainini (**). 

2) Oviduct.—-In the toad the oviduct is a long convoluted tube 
which once unfolded, may be trom 0.60m to 0.90m long. ‘here is one 
on each side, extending itself longitudinally along the dorsal wall in 
the pleuro-peritoneal cavity. 

The proximal portion of the oviduct is retroperitoneal: in its middle 
portion, a peritoneal meso allows it a certain mobility and in its ter- 
minal portion it is closely kept in contact with the corresponding ovothe- 
ca (uterus) by the peritoneum. The anterior end of the oviduct, slightly 
dilated in the shape of a funnel, freely opens into the abdominal cavity, 
constituting the ostium abdominalis in the proximity of the pericardium. 
The distal end of the oviduct opens itself into the uterine sac or ovotheca. 

Except for the pars recta which is onlv a few centimeters long and 
is devoid of glands, the oviduct, structurally considered, constitutes an 
essentially glandular organ. Its internal surface shows an endless suc- 
cesion of furrows and crests lined by a simple ciliated cylindrical epithe- 
lium. The glands belong to the tubular type; they extend themselves 
perpendicular’ from the limit of the mucosa with the muscular layer, 
where they end in a “cul de sac”, to the lumen of the organ, where they 
open by a small orifice located at the botton of the above mentioned 
furrows. 


3) Ovothecae. — The ovothecae, usually called uteri, are two mem- 
branous sacs, one on each side. Their thin walls are formed by a-serous 
membrane, a muscular layer, and a mucosa deprived of glands, lined 
by a simple cylindrical ephithelium. 


4) Fatty Bodies.—The fatty bodies, one on each side, are im- 
planted in the dorsal wall of the abdomen immediately cephalad to the 
corresponding ovary. Their development varies considerably according 
to the individual animal and to the time of the year. Each one consti- 
tutes a ramified structure of a yolk yellow colour. Their digitations 
float freely between the organs of the abdominal cavity. The fatty bo- 
dies consist of a highly vascularized adipose tissue lined by peritoneum. 
Owing to the type of its material and because of the seasonal variations 
that they undergo (**), it has always been suspected that the fatty 
bodies constitute a reservoir of nutrient substance, destined to provide, 
first of all, the needs of the sexual organs and, accessorily, in cases of 
emergency, those of all the organism (*!). Observed facts (*) and ex- 
perimental studies (** ) support this assumption. For other morpholo- 
gical and structural details of the sexual system of Bufo arenarum 
Hensel we refer to Allende’s Thesis (°). 


lI. — HYPOPHYSIS AND THE GENITAL TRACT 


The anatomical and functional development of the genital tract in 
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the toad depends on the glandular lobe (pars distalis) of the hypophysis, 
but before considering in detail its action upon the development and 
morphological maintenance of: the ovary and the rest of the genital sys- 
tem, it is necessary to point out that in the toad, as in other amphibians, 
the formative phenomena are extraordinarily slow, requiring for its 
completion lapses of time that must be measured by months and even 
years. It is no wonder then, that research work intended to find out 
the factors concerned in their promotion, their arrest or their involution, 
all just as slow, should not yield easily perceptible results, especially 
when acute experimentation is employed or when the period of obser- 
vation is restricted only to a few months. For example, in the case of 
the ova in the toad, as already mentioned, three years are needed for 
each generation to attain complete maturity (*" *). 


The methods employed, if intended to act quickly, turn out to be 
too drastic to be valuable and if designed to act in a long time, so as to 
approach natural conditions, they can not be considered free from unde- 
sirable side effects, which also alter the course of phenomena and render 
more difficult their interpretation. 

The effects of hypophysectomy upon the ovary and the rest of the 
genital tract are not striking because the period of observation rarely 
lasts more than three months, owing to death of the avrimal occuring 
within this lapse of time as a result of the serious metabolic and general 
alterations, determined by the lack of hypophysis. On the other hand, if 
the ovary and the genital tract are completely developed, the implanta- 
tion of hvpophvsis produces such swift and violent changes, that they 
completely upset the structure of the organs and the sequence of the func- 
tional phenomena. In fact, hypophyseal implantation duplicates only one 
phase of the hypophyso-sexual mechanism, namely the moment in which, 
under the stimulus produced by the clasp, a massive discharge of hypo- 
physeal gonadotrophin takes place in the female, thus inducing ovulation. 
If implantation be insisted upon, repeating it during a prolonged lapse 
of time with the idea of obtaining information about a possible, less no- 
ticeable but none the less important, sustained trophical action upon the 
sexual tract, two main obstacles appear: in the first place, it is very 
difficult to regulate the intensity of the effect that one wishes to obtain 
and. in the second place. it is also diffienlt to reproduce during the period 
of hypophyseal implantation the conditions in which this action takes 
place under normal circunstances, inasmuch as factors concerning nutri- 
tion, activity and surroundings. on which the organs depend so much 
for their development, are, in the laboratory, far from natural. 


The hypophyseal action upon the ovary and the rest of the genital 
tract in the toad is a complex one. Two principal stages can be recogni- 
zed in the functional activity of the female genital system of the toad: 
a) a slow preparatory developmental phase lasting for years, and b) a ra- 
pid, almost explosive phase lasting only a few hours and resulting in the 
liberation and external discharge of the completely developed ova, ready 
for fecundation. Very little is known akout the hypophvseal rxéle in the 
first phase; we know more of its influence on the second one. 

Hypophysectomy, at least until two months after the operation, does 
not produce visible ovaric atrophy in the toad, but much earlier the ova- 
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ries become less sensitive to the ovulation-inducing property of hypophy- 
seal gonadotrophin (Allende (*), confirmed by Hovssay (*°). More re- 
cently Penhos and Cardeza (*") could detect no histological change in the 
ovaries of force fed toads one and a half month after hypophysectomy, 
although there was apparently a slight decrease in weight. Hogben, 
Charles and Slome (**) and Shapiro and Shapiro (“), have observed 
ovular involution in the hypophysectomized African toad Xenopus laevis 
a fact also seen in other amphibians. These observations show that in 
amphibians as well, the hypophysis is necessary for the ova to reach and 
maintain a state of anatomical and functional maturity. It is not yet 
clear, however, whether the same hormone which induces ovular release is 
responsible for the slow ovular maturation, and also whether a hypophyseal 
hormone really exists in these animals exerting a specific effect on 
ovular development and maturation. In fact these could be merely due 
to metabolic processes of a general nature upon which the hypophysis plays 
such an important part. 

We helieve that the last word has not yet been said also in reward 
to the réle of the hypophysis in the development of the rest of the genital 
tract. The effects of hypophyseal implantation are obvious as regards 
the secretion of the glands of the oviducts, which are stimulated in pro- 
portion to their degree of development, but there is no evidence as to 
whether the hypophysis acts in a specific way, in order that the glands 
and the oviduct in general, attain the degree of development that they 
present. The secretion induced by pituitary implants constitutes a real 
disintegration of the oviduct and this deletereous effect completely masks 
any constructive tendency that might result from their action. 


As for hypophysectomy its effects on the oviduct become visible only 
after a prolonged interval and a careful examination is necessary to de- 
tect them. On our part (*), we have studied the effect of hypophysectomy 
on the histological structure of the oviduct in individual animals, using 
as control the oviduct of one side, removed at the moment of hypophysec- 
tomy, and leaving the remaining oviduct to be removed at different in- 
tervals thereafter. The structural changes begin to be evident after the 
12th day from hypophyseal ablation. All layers are affected. The total 
thickness of the wall diminishes. The glands show evident signs of ce- 
llular degeneration with diminution of the number of nuclei. The inter- 
glandular septa become less distinct. The epithelial ridges appear com- 
pletely flattened and the cilia are less prominent than in the control 
organ. Similar changes were found by Penhos and Cardeza (°’) in force 
fed toads after one and a half months of hypophysectomy. 

Houssay (**) found that the oviduct’s weight was 39 % less in a 
group of toads hypophysectomized two months previously, as compared 
with the weight of the oviduct of a non hypophysectomized control group. 

As for the functional condition of the oviduct, we have found that 
even 16 days after hypophysectomy, the hypophyseal implantation pro- 
motes an abundant secretion of the gland, at a time when the ovaries 
have already hecome incapable of ovulating (*). When, however, the 
atrophic condition of the oviduct becomes very pronounced, a higher do- 
= hypophysis is required to induce the secretory activity of its 
glands. 
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It is evident, then, that the hypophysis is necessary to maintain the 
structure of the oviduct in the toad, and also for this organ to attain the 
highest degree of development for an adequate fulfilment of its func- 
tions. At any rate the processes involved are very slow and they need 
prolonged japses of time eitner for their accomplishement or retrogres- 
sion. This explains the negative results following a more or less recent 
hypophysectomy, or even one of relatively long standing. As already 
mentioned, also here it is difficult to decide if the anabolical effect of 
the hypophysis on the oviduct is due to a single hormone (or hormonal 
system) acting with a certain selectivity, or if the hypophyseal action 
is accomplished through metabolical processes of a general order, which 
in the toad are greatly under the command of the hypophysis, as shown 
by Houssay (‘*). 


IV. — OVARIAL PHASE OF OVULATION 


Studies on the mechanism of ovulation and oviposition in amphibians 
were much advanced in 1929, when Houssay, Giusti and Lascano Gon- 
zalez (°°) on one hand and Wolf (°) on the other, independentiy of each 
other, discovered that implantation of pars distalis of hypophysis in mature 
females induced the discharge through the cloaca of a great number of 
ova, a phenomenon strikingly similar to the natural process of ovulation 
as it occurs at the moment of sexual mating. Houssay and coworkers 
made their observations on Bufo arenarum Hensel and Wolf on Rana 
pipiens. These observations were later confirmed by several authors for 
otrer anuran (', 24, 22, #1, 44, 75) and urodel amphibians (2, 3, +); for 
fish **, and reptiles (2°, #5). 

Houssay and coworkers (°°) observed that a daily subcutaneous 
implantation of a chromophil lobe of hypophysis, inevitably produced 
the laying of eggs after 1 to 5 days in normal or hypophysectomized 
adult females. The active substance was found to be thermolabile (it 
is destroyed at 60° C) and insoluble in alcohol and acetone. It does not 
dialize. The pituitary glands of both, males and females, whether normal 
or castrated, are active. They found furthermore, that the ovulation 
—and oviposition— producing property belongs specifically to the chro- 
mophile lobe of the hypophysis (organ specificity) and that it is also 
specific for the animal species, as implantation of hypophysis of beef, 
dog, guinea pig, rat, chicken, snake or fish had no action on female toads. 
The hypophysis of Bufo arenarum Hensel, on the other hand, induces 
ovulation in several amphibians: Bufo marinus, Bufo paracnemis, Bufo 
d’Orbignyi, Leptodactylus ocellatus (Houssay (*7); Houssay and Gius- 
ti (°*)), Xenopus laevis (Shapiro) and Rana Pipiens (Houssay (°*)); but 
has no gonadotrophic activity on normal or hypophysectomized mammals 
(Foglia (*7)). 

Ovulation may be provoked in Bufo arenarum Hensel when injected 
with the hypophysis of all of the species just mentioned. The mamma- 
lian pituitary is inneffective to produce ovulation in amphibians (Hous- 
say and Giusti (°*), Houssay (°')). 

Iniuries of the infundibulo-tuberal ventral surface may induce ovula- 
tion and oviposition only when the hypophysis is in situ (Houssay and 
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Giusti (°*)). It was later shown that lesions in this area produce anemic 
infarcts in the pars distalis because they interrupt the blood vessels 
going from the infundibulum to the hypophysis. Ovulation and oviposi- 
tion result from subsequent reabsortion of the infarcted tissue (Hous- 
say (*°)). On the other hand, hypophyseal implantation produces ovula- 
tion even when all the infundibulo-hypothalamic region, or nearly all 
of the brain have been destroyed, or after a transection between the 
medulla and the spinal cord. It was thus shown that ovulation is a hu- 
moral effect, independent of any direct nervous action on the ovary 
(Houssay and Giusti (**). Based on these facts, the above mentioned 
authors advanced the hypothesis that in amphibians, normal ovulation is 
due to a reflex, probably cutaneous, with its center in the diencephalon, 
capable of inducing the secretion of the hypophyseal principle, which, 
through humoral chanels, produces ovulation. It is difficult to afford an 
experimental proof for the validity of such hypothesis, mainly because 
of the anomalous behaviour of the female under captivity. However, un- 
der experimental conditions more closely resembling the natural ones (in 
closed gardens or similar surroundings) it was possible to obtain some 
confirmatory evidences on the following ground: in hypophysectomized 
females the sexual clasp never produced ovulation, whereas a certain 
proportion (5 to 10 per cent) of normal females did ovulate (Houssay, 
personal comunication). 

A similar reflex neurohumoral mechanism for ovulation, however, 
has been definetely proved for the female rabbit (*°, 7°, 27, 5, 42, 43, 59, 85), 

Action of Adenohypophuseal Homoimplantation in Adult Fema- 
les. — Whenever there exist in the ovary large bipigmented ova, ade- 
nohypophyseal homoimplantation in the form of an injection, generally 
in the dorsal lymphatic sac, but equally effective if performed anywhere 
else, will produce, in a few hours, a massive release of ova and their sub- 
sequent discharge through the cloaca. They come out held together in 
the form of two long chains by a jelly-like substance secreted by the 
oviducts. The optimal dose to produce a maximal effect is two hypophy- 
seal lobes per animal, implanted at once. 


Oviposition occurs between 12 and 48 hours later. The most favo- 
rable time of the year to obtain this effect in our latitude extends from 
March till the next mating period in spring. Effects are frequently ne- 
gative in the summer months, owing to the lack of mature ova in the 
ovary on account of their having been discharged during the immediatly 
preceding ovulation. Autopsies performed at variable intervals showed 
that ova begin to detach themselves from the ovary between 6 to 10 hours 
after pituitary implantation. Immediately before, the ovaries appear tur- 
gid owing to a slight accumulation of liquid in the interior of each ovarial 
sac and to a more pronounced bulging of the individual ova. Eight to 12 
hours after pituitary implantation the amount of free ova in the abdomen 
is considerable; the oviducts appear dilated, with abundant secretion in 
their interior and containing ova up to the second third of their length. 
In cases of precocious ovulation, even the uterine sacs are full of ova 
after 12 hours. Oviposition begins in general between 14 and 16 hours 
atter implantation. 

The effect of the hypophyseal implantation varies greatly according 
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to temperature. Ovulation occurs as described between 16 to 35°C. Be- 
low 10° C ovulation does not occur (Houssay (*')). 

Mechanism of Ovular Release. — This point has been especially stu- 
died by Rugh (**) in Rana Pipiens and by de Robertis (*°) in Bufo are- 


narum Hensel. According to the former, ovular liberation does not cons- © 


titute a cataclismic process. The rupture of the follicle, which occurs at 
a predestined point of the follicular wall, requires, at laboratory tempe- 
ratures, about one minute to be produced. The follicular rupture is pro- 
bably due to local changes produced in normal circunstances by the 
hypophyseal hormone. It takes place even if the follicle be detached from 
the ovary 12 hours previously, which proves that in its final phases it 
does not depend on peculiarities of inervation, blood irrigation or mus- 
cular contractions of the abdominal wall. The rupture cannct be attribu- 
ted to the follicular fluid, which does not exist, or to an increase in the 
size of the ovum. Rugh believes it is due to an enzymatic process; he 
observed that in a solution of pepsin and hydrochloric acid, ovules are 
set free from ovaries of sexually inactive frogs and newts. The smooth 
muscular cells of the follicular wall play an active part, forcing the exit 
of the ovum through the ruptured area. De Robertis (*°) accepts for 
Bufo arenarum Hensel Rugh’s descriptions, with the objection that the 
enzymatic process proposed does not appear sufficiently founded. Hous- 
say (*°) could not demonstrate the existence of proteolytic enzymes in the 
ovarial tissues during the process of ovulation. He does not discard, 
however, the possibility that some intracelular ferment, less easily de- 
tectable, might be concerned. 

Ovulation “in vitro”.— Experiments performed by Houssay (**) 
trying to obtain ovulation in whole small ovarial sacs or fragmented 
ovaries placed in different nutrient solutions to which pars distalis of 
homologous hypophysis had been added, gave always negative results. 
Similar experiments on the contrary, gave, in our hands postive results, 
(Astrada. Allende and Orias (2°) ). Ovulation was obtained bv simn!~ 
placing the ovary in ordinary saline solution to which between 3 and 9 
chromophil pituitary lobes finely crushed had been added. In every case, 
after 24 hours at laboratory’s temperature (18-22° C) there were, in the 
capsules which contained the liquid with hypophysis, several hundred 
free ova, and the immersed ovaries showed evidence that if the majority 
of ova had not been released, important modifications had taken place 
directed towards that end. 

Control ovaries corresponding to the same animals which provided 
those that were submited to the hypophyseal action, placed in physiolo- 
gical solution without hypophysis. maintained an absolute integrity. The 
negative results can probably be ascribed to immaturity of the ovaries 
employed or to insuficient dosage of the hypophyseal factor. Houssay, 
later on, has confirmed ovulation “in vitro” as here described (personal 
communication). 

Free Ovaru in the Abdomen. —In unilaterally ovariectomized ani- 
mals in which the remaining ovary was left “in situ” but deprived of any 
organic connections with the rest of the animal, homoimplantation of ade- 
nohypophysis provoked, in every case, abundant secretion of the oviducts 
and, in 50 per cent of them, discharge of ova through the cloaca, singly or 
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in short chains (°). In control animals equally prepared, but without 
hypophyseal implantation, neither discharge of ova nor functional activity 
of the oviduct was observed. If the free ovary is left in the abdominal 
cavity of a normal, castrated or hypophysectomized-castrated male toad, 
and adenohypophysis is implanted following the usual methods, turges- 
cence of the ovary and release of some ova is also observed after 12 to 
24 hours. We must point out that in all cases in which the ovary was left 
free in the abdominal cavity of either female or male toads implanted 
with hypophysis, the number of liberated ova was considerably less than 
in the case of ovulation in ovaries with their normal connections intact. 
The ovary in the non implanted control animals remained unchanged in 
the same lapse of time. 

These results have not been confirmed by Houssay (**). Having re- 
cently repeated our experiments, we have again obtained a frank ovula- 
tion. We feel sure that in our experiments all possibility of loosening of 
ova due to lysis or to tissue disintegration can be discarded. In several 
cases, even an exterior discharge of ova either discrete or linked in short 
gelatinous chains could be observed. The experiment was totally negative, 
without any ovular detachment, when the animal receiving the ovary had 
not been implanted with hypophysis. Let us remark that this experiment 
demands well developed ovaries, some asepsis, and delicate manipulation. 
We want to emphasize, however, that ovulation in these cases is always 
considerably less impressive than under ordinary conditions. 


Minimum Time Needed for Hypophyseal Action. — With the usual 
dosage, ovulation very seldom begins before 6 hours after hypophyseal 
implantation. For ovulation to take place it is essential, then, that the 
hypophysis should act during a certain time upon the ovary. 

In order to ascertain the minimum time interval that the injected 
hypophyseal principles must act on the ovary of the toad to provoke ovu- 
lation, ovaries of the same species (Bufo arenarum Hensel), removed at 
different intervals since the injection, from animals previously injected 
with 3 chromophil pituitary lobes per animal in a single dose, were trans- 
planted to the abdominal cavity of other recently castrated female toads. 
In some cases the ovaries were thoroughly washed through perfusion 
with saline solution via the arteries before being transplanted. (Allende, 
Caligaris and Astrada ('*)). 

In a total of 47 complete observations the following findings were 
recorded : 

1) The hypophyseal action must last at least three hours in order 

to provoke ovulation. 

2) If the action lasts about 4 hours, ovulation occurs in about 80 % 
the cases, the percentage decreasing but very little if the ovaries 
are washed by perfusion before being transplanted. 

These experiments show that when the hypophyseal principle has 
acted long enough, the process of ovulation goes on and is completed even 
when the ovary is deprived of all ulterior hypophyseal action, and that 
although at the end of 3 or 4 hours no visible effect can be observed in 
the ovary, the process of ovulation is on its way with the necessary impul- 
se for its completion. 

Ovulation and Ovular Permeability. — The ova of Bufo arenarum 
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Hensel as found in the ovary ready for ovulation, are very sensitive to 
the destructive action of water and markedly hypotonic solutions. If one 
or several ovarial lobuli, containing well developed ova, are immersed 
in distilled water or very dilute saline solutions, the ova progressively 
swell and finally burst, setting their contents free. Once ova have under- 
gone lysis, the ovarial sacs are reduced to the stroma, and as a rule they 
contain some free but still intact ova in their cavity (fig. 1). 


Fic. 1. — Connective network of an ovarial sac after ovolysis caused by 24 hours wm- 
mersion in distilled water. Not a single ovum remains on the wall. A moderate 
number of them are free in the cavity of the sac. (Enlargeme.it X 1.20). 


The same ova, however, when released from the ovary through the 
influence of the hypophyseal gonadotrophin, become resistant to water and 
hypotonic solutions, even when deprived of the hyalin sheath contributed 
by the oviduct 

It becomes thus evident that the hypophysis not only sets free the 
ova, but directly or indirectly contributes to confer to them a resistance 
to water, which will be of capital importance since it prevents them 
from disintegration when they drop in the water after oviposition. 

For the purpose of ascertaining when the resistance to water appears 
during the course of ovulation and also its ulterior progress, it was deci- 
ded to quantitatively determine the permeability of ova in ovarial frag- 
ments removed at two hours intervals since the moment of hypophyseal 
implatation (°). 

The increase of weight of the ovarial mass immersed in water or 
hypotonic solutions (0.2 % NaCl) denoted the degree of permeability 


: 
‘ 
é 
° 


HYPOPHYSIS AND OVULATION IN TOADS 67 


of the ovular membrane in the cellulipetal direction, whilst the diminu- 
tion of its weight in hypertonic solutions (1.5% NaCl) indicated the 
degree of permeability in the cellulifugal direction. The results very 
consistently showed a neat and progressive diminution of permeability 
to water, beginning 6 to 8 hours after hypophyseal implantation, to reach 
a maximum (the ova becoming practically impermeable to water) when 
ovulation was obvious. Permeability in the cellulifugal direction remained 
unchanged. 


Fic. 2.— Ovarial lobes after two hours in distilled water. The central test tube 
containing ovarial fragments of an untreated animal, shows marked ovular lysis. 
The test tubes at each side contain ovarial lobes removed 6 hours after the 
animals had been implanted with adenohypophysis: the clearness of the water 
denotes slight degree of ovular lysis. 


Figure 2 shows the degree of ovular lysis, appreciable by the colou- 
ring of the liquid, undergone by ovarial fragments of a control animal 
(center) and of two other animals treated with hypophyseal implatation 
6 hours before removing the fragments. The picture was taken after all 
the fragments had been immersed for two hours in distilled water. The 
almost crystalline appearance of the water in the test tubes containing 
the ovaries of treated animals, shows that there was practically no ovular 
lysis. 

Figure 3 portrays the same phenomenon (control in the center) for 
ovarial fragments removed from a female toad injected seven and a half 
hours before with urine of a woman affected witn chorioepithelioma. The 
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picture in this case was taken after all the fragments had been three hours 
in distilled water. It shows that a similar change in ovular permeability 
occurs during ovulation induced by chorionic gonadotrophin. 

The averages corresponding to the figures found in animals implan- 
ted with hypophysis and studied as described, clearly portrayed the pro- 
gress of impermeabilization of the ovular membrane and suggested that 
such a process precedes, in a certain measure, ovulation itself (°*). 


Fic. 3.— Ovarial fragments after 3 hours in distilled water. Center, ovary of un- 
treated animal showing marked ovular lysis. On both sides, ovarial fragments 
removed 7 and a half hours after injecting the animals with urine from a woman 
affected with chorioepithelioma: ovular lysis appreciably less than in control. 


No explanation can be offered at the present moment with regard to 
the intimate mechanism of this ovular impermeabilization. Considering 
its close cronological relationship to ovulation itself and the fact that the 
release of the ovum is undoubtedly due to structural and physico-chemical 
changes of its wall, it would not be surprising that ovulation and imper- 
meabilization depended on the same factor or group of factors. 


V. — OvipuCcTs AND OVULAR TRANSPORT 


Réle of Abdominal Ciliated Epithelium. — Once ova become detached 
from the ovary, they fall into the abdominal cavity where, by the ciliary 
action of the peritoneum’s epithelium, they are directed toward the ostium 
abdominalis, through which they penetrate into the oviduct. 
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According to Rugh (*), the cilia lining the coelomic cavity of fema- 
les in Rana pipiens and all the other anurans which he studied, are per- 
fectly adequate for the transportation of ova toward the ostium. He did 
not find cilia in the coelomic cavity of males or immature females. Their 
presence constitutes, therefore, a secondary sexual character. Rugh also 
observed that foreing particles of the same diameter as ova (munitions, 
etc.) if placed in the abdominal cavity, were transported toward the ostium. 
These observations have been confirmed by Allende (*) and Houssay (°°). 


If small seeds are placed in the abdominal cavity of female toads 
implanted with hypophysis, they not only arrive to the ostium abdominalis, 
but are eventually discharged through the cloaca wrapped in the gelati- 
nous substance secreted by the oviduct, thus imitating very closely what 
happens to ova at the moment of oviposition (Allende (°) ), confirmed by 
Houssay (*°). 

The abdominal cilia are of primal importance for the transportation 
of the ova to the ostiwm abdominalis. If celluloid plates of different size 
are substituted for parts of or for the whole ventral wall of a female toad 
and hypophysis is implanted, the process of ovulation and the behaviour 
of the ova in the abdominal cavity can be watched trough the transparent 
plates (Allende (°) ). If the plate is large enough to replace all the thora- 
co-abdominal wall and also the flanks of the animals, or when smaller 
plates are located opposite to the ostium region, the ova do not penetrate 
the corresponding oviduct. A large plate, however, located more caudally 
with regard to the ostia, will not prevent the ova from reaching the ovi- 
ducts (Allende (*) ). The destruction of the cilia in a band 3 to 5 mm. wide 
around the ostium abdominalis also prevents the penetration of ova into 
the oviduct (Houssay (°°) ). All this shows that the cilia of the whole peri- 
toneal lining, and especially those adyacent to the ostium abdominalis, are 
essential for ovular transportation. 

By removing one ovary in frogs (**) or toads (°°) and inducing ovu- 
lation in the remaining ovary through pituitary implantation, the relea- 
sed ova enter both oviducts. 

Additional experiments showed that it is really the cilia and not the 
abdominal muscles which are necessary for the transport of ova to the 
ostium (°°), 

Physiology of the Oviduct.—The oviduct has in amphibians two 
main functions: it transports the ova, principally by the ciliary action of 
its epithelium, and secretes the mucogelatinous substance which surrounds 
the ova, providing a sheath that links them in a chain as they proceed 
along its lumen. The most obvious function to ascribe to the muco-gelati- 
nous substance that sorrounds the ovum would be that of a protective 
coating to further insure its integrity when discharged to the external me- 
dium. It has also been suggested that it prevents a heat loss that could 
be deleterious to the developing embryo and also that it provides some 
additional nutrient material to the latter. This all may be important, but 
the fact that it is impossible to fertilize the ovum before its passage along 
the oviduct, verv plainly shows the extraordinary importance of the ovidu- 
cal secretion. This fact, already shown by Rugh (‘"), has been widely 
confirmed by the present authors in still unpublished results. We shall 
only mention here that free ova collected in the peritoneal cavity after 
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ovulation, cannot be fertilized in vitro. If, however, the same ova are 
previously immersed in pure oviducal secretion, they can be artificially 
fertilized. The mechanism by which the muco-gelatinous coating allows 
the ovum to be fertilized, is unknown. There is no doubt that the sper- 
. matozoon has to break through itto get to the ovum. This is all the more , 
remarkable, since the ovular chains, when they arrive to the exterior 
where fertilization will take place, become so firmly consistent that they 
can be pierced by a hypodermic needle and injected with water, thus 
becoming a tube inside which float the ova. 

The réle of the hypophysis in the development of the oviduct has already 
been analysed. We know better, as they are more striking, some of the 
effects of the stimulating action of the hypophysis on the two principal 
functions just described, namely the secretion of the glands and the 
transport of ova. 

Under natural conditions, during oviposition provoked by the dis- 
charge of hypophyseal gonadotrophin produced by the sexual clasp, the 
oviducts activate their functions and contribute to the total mechanism by 
facilitating the transport of released ova and providing them with muco- 
gelatinous cover. In the laboratory, hypophyseal implantation apparently 
reproduces these phenomena even to their smallest details. 

Influence of the Hypophysis on the Ovular Transport along the Ovi- 
duct. — Seeds of similar shape and size as the toad’s ova (seeds of Celosia 
ramidalis, for example) placed in the abdomen of ovariectomized females, 
come out through the cloaca wrapped in the mucogelatinous substance 
only when the animals are implanted with anterior lobe of hypophysis. 
Autopsies show that in animals which have not been thus treated, ova or 
foreing corpuscles do not penetrate the oviduct; if this should occasionally 
happen, they do not go beyond a few centimeters (*). The facilitation of 
ovular transport determined by the hypophysis is due to an activation of 
the ciliar system and to the lubricating effect of the glandular secretion; 
the action of the muscular layer does not seem to have any major part in 
the process (**°). 

Influence of the Hypophysis on the Secretion of the Oviduct. — The 
best method to study the secretory reactions of the oviduct is to block bet- 
ween two ligatures a segment of the latter and set ino action the influence 
which is to be studied (Allende (*). If secretion is produced, the segment 
becomes distended through accumulation of the secreted product. The blo- 
cking, by itself, does not cause any manifest distension of the affected 
segment. 

By this procedure it is possible to study the influence of substances 
of acknowledged action upon the sexual system, and also of any other 
agent, the effect of which would seem desirable to investigate. If the 
agent is very active, the reaction is produced even if it reaches the oviduct 
by devious ways (subcutaneous, lymphatic, intraperitoneal, etc., in- 
jections). If the agent has a weak action, or is used in very small amounts, 
its effects can still be perceived if injected into the lumen of the blocked 
segment. On account of its sensitivity and specificity, the method has 
proved itself a very useful test in our hands and in those of other inves- 
tigators (38, 46, 73, 86), 

Hypophyseal implantation provokes abundant secretion of the oviduct’s 
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glands even in castrated, hypophysectomized or castrated-hypophysectomi- 
zed toads (°°). By local injection in the lumen, an intense reaction may 
be obtained even with very small doses (0.05 mg of dry organ (‘*). The 
rat’s hypophysis is also active by subcutaneous (*) or local injection (**). 

The cromophil lobes of the hypophysis of other amphibians (**), some 
smakes (*°) and fishes (**) were active by local injection.. The cetonic 
powder of human anterior pituitary lobe was also very active (**). 

The fact that the hypophysis is able to activate the oviduct of the toad 
even if the ovary is absent, is very striking considering that in mammals 
the hypophysis acts on the secondary sexual organs only through its in- 
fluence on the gonad. 

When the ovary is present, however, the hypophyseal implantation 
produces, in general, a more intense secretory reaction of the oviduct, a 
fact which was pointed out by Allende (°,“) and confirmed by Galli-Maini- 
ni (**). These investigators differ, however, in the interpretation of the 
phenomenon; whilst the former minimized the importance of any endo- 
crine factor contributed by the ovary itself to explain the increased re- 
ponse, the latter believes to have shown the existence of a humoral factor, 
originated in the ovary during ovulation, susceptible of being extracted by 
ether, which exerts a marked secretory effect on the glands of the oviduct. 

Already in 1938 we called attention to the fact that an additional 
endocrine influence of the ovary, if there should really exist one, could 
not be very important (*). In a great number of the experiments then 
reported, and in newer ones, repeated later on, we could observe very mild 
reactions in animals with their ovaries intact, and on the other hand. verv 
intense responses in ovariectomized animals. It was also stated that, should 
any ovarial factor be active, it surely was not of estrogenic nature, since 
estrogens, according to Valenzuela’s observations (**) corroborated by our 
own (‘), do not exert anv immediate specific action upon the genital tract 
of Bufo arenarum Hensel. Ovarial homoimplantation does not produce any 
effect either (*). 

One experiment seems to us quite conclusive in regard to the exis- 
tence or absence of an hormonal contribution of the ovary to the secreting 
activity of the oviducts. Ovaries removed from the animals 3 or 4 hours 
after being implanted with hypophysis and placed in the abdominal cavity 
of a recently castrated female, continue and complete the process of ovu- 
lation and produce in the receiving animal an abundant secretory reaction 
of the oviducts. If these ovaries, however, are previously washed by per- 
fusion through the arteries with saline solution, although they complete 
the ovulatory process, they ro longer elicit the secretion of the oviducts(**). 
This observation suggests that the reaction of the oviduct, when positive, 
was due to the hypophyseal factor still present in the blood contained in the 
vessels of the transplanted ovary and further shows that the ovulating 
ovary exerts no hormonal influence on the oviduct. 


We persist, therefore, in our belief that during ovulation no humoral 
agent of any functional significance is produced in the ovary, capable of 
stimulating the oviduct’s glands. It is probable that in some cases, the 
mechanical irritation produced by the passage of the ova and the greater 
drainage of the secreted substance which it produces, may increase so- 
mewhat the secretory response. 
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The direct influence of the hypophysis upon the oviducts here dis- 
cussed, in agreement with Pomerat’s observation (") that the oviducts in 
the young toad develop in the absence of the ovary, is of great doctrinal 
interest. 

In the first place it shows plainly the progressive complexity attained 
by the hormonal mechanism which governs the activity of the female 
sexual system as the evolution of the animal forms has progressed: a pro- 
cess, which in amphibians is directly caused by hypophyseal influence, 
neeas in the mammals intermediary hormones, elaborated by the ovary. 

In the second place it is pertinent to point out that the oviducal se- 
cretion, by rendering fertilizable the ova and also by possibly contributing 
to the nourrishment of the embryo during the initial stages of its deve- 
lopment, becomes to a certain extent comparable to milk in mammals and 
to crop milk in pigeons. As in the latter case it constitutes a help desti- 
ned to benefit the offspring rather than the individual that produces it. 
If all this is considered, it becomes quite remarkable that, just as for milk 
and crop milk, the oviducal secretion of the amphibians should be dischar- 
ged by hypophyseal influence, and furthermore that prolactine from mam- 
mal origin should also be active in this regard (Allende (*), Houssay (*") ). 
Converselly, the pars distalis of the toad’s hypophvsis, exerts a slight 
stimulant action on the pigeon’s crop milk glands (**). 

The follicle stimulant (F. S. H.) and the luteinizing (L. H.) hormo- 
nes of mammals have no effect on the oviduct of the toad (**). Negative 
results were also obtained with pituitary anterior lobes of beef, sheep, 
pig, female rabbit and fish (*°). The effect of chorionic gonadotrophin 
of human origin will be discussed later on. 

Effect of the ovary on the trophic conditions of the oviduct. — Al- 
ready in 1938 (°) we pointed out the inappreciable immediate effect of ova- 
riectomy on the oviducts of the toad and also the inefficiency of estrogens 
administered in doses that would produce marked changes in mammals, to 
induce any visible change on the genital tract of the female toad. 


Galli Mainini (*°) in non fed toads found that, after 30 days, ova- 
riectomy did not modify the weight of the oviduct. After 90 days, howe- 
ver, there was marked atrophy, somewhat greater than in control non cas- 
trated animals. ‘Ie also found that in fasting animals the presence or 
absence of ovary was immatterial for the recovery of the oviducts exhaus- 
ted by ovulation. The administration of estradiol benzoate at a rather 
high dosage (0.5 mg a week per animal during 3 months) proved itself 
unable either to maintain the weight of the oviduct or to reintegrate it to 
normal after post ovulatory exhaustion, although it did seem to show some 
positive effect. The experiments of Penhos (**) showed that in castrated 
toads, force fed to avoid the effects of fasting, the oviduct, after 3 months, 
becomes considerably atrophic, whereas its weight increases after the same 
interval, under the same conditions, if the ovary is present. In fasting 
animals, after such long term, as in Galli Mainini experiments, the weight 
of the oviduct decreased more in ovariectomized than in non castrated ani- 
mals. Although in these experiments Penhos could see no effect on the 
oviduct after a 10 days treatment with estrogens, either alone or combined 
with progesterone, later on, working with Cardeza (Penhos and Carde- 
za (°°) he saw that the growth promoting effect of estrogens on the ovi- 
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ducts is quite evident in inmature females and that both in the latter and 
in adult temales, their effect is greatly enhanced by folic acid. 

At any rate, this all shows that the anabolic and catabolic processes 
in the oviduct, except for the secretion-promoting effect of the hypophysis, 
are extremely slow. There seems to exist a growth promoting and sup- 
porting activity from the part of the ovary but prolonged and laborious 
experimentation is required to demonstrate it. It is also certain that 
estrogens, to show any effect, must be administered in high dosage for 
very long intervals, or in association with folic acid. 

Function of the Ovothecas.— The ovothecas (uterine sacs) receive 
the ova which have passed through the oviduct and keep them until their 
final discharge to the exterior. It can be presumed that for this final 
phase of the oviposition mechanism the contractions of the abdominal 
muscles and those of the ovotheca’s own musculature play an active part. 


If the ovothecas are excluded and the oviducts made to open directly 
on the body surface, hypophyseal implantation induces the discharge of 
small chains of ova similar to those which ordinarily come out through 
the cloaca (°). This shows that the ovular chains are formed and become 
consistent during the transit along the oviduct and that the ovotheca plays 
a very insignificant part, if at all, in this process. 


VI. — EFFECT OF CHORIONIC GONADOTROPHIN 


Effect on the ovary. — Immediately following Houssay, Giusti and 
Lascano Gonzalez’s (°°) observations that hypophyseal implantation in the 
toad produced ovulation, attempts were made to ascertain whether the 
gonadotrophic factors, contained in the urine of pregnant women, were 
also effective in this regard. Until 1950 only negative findings were re- 
ported for South American amphibians (Houssay, Giusti and Lascano Gon- 
zalez (°°), Allende (°), Houssay (*5, ®*). Houssay (*') reported equally 
negative results with a mixture of pregnancy urine and anterior hypophy- 
sis of either rat or beef. In the African toad Xenopus Laevis, however, it 
was soon found that the urine of pregnant woman causes ovulation (** *), 
a fact which was immediately and succesfully applied to the diagnosis of 
pregnancy. 

Ovulation induced by pregnancy urine. — The discovery that purified 
chorionic gonadotrophin is able to induce ovulation in Bufo arenarum 
Hensel (Galli Mainini (°°), Houssay (*') ) and also in Bufo marinus (Bie- 
vens (*°) ) stood in sharp contrast with the negative results until then ob- 
tained when urine from pregnant women was injected. At this stage of the 
problem it was found (Allende and Orias ('*) ) that the urine of patients 
with chorioepithelioma is effective in producing ovulation in either nor- 
mal or hypopnysectomized Bufo arenarum Hensel (See figs. 4 and 5). This 
all induced the present writers to think that the ability of chorionic go- 
nadotrophin to produce ovulation was purely a matter of quantity and 
that the failures met when pregnancy urine was injected were due either 
to the fact that never during a normal pregnancy the amount of chorio- 
nic gonadotrophin reaches the level necessary to produce ovulation or 
because the trials were made at a time during pregnancy when the amount 
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of excreted chorionic gonadotrophin had declined below the threshold for 
ovulation. It was then decided to test systematically samples of urine 
collected at different intervals during pregnancy, starting as early as 
possible (Allende and Orias ('") ). 1t was found that urine collected at the 
begining of pregnancy (30 to 73 days) very often, but not always pro- 
duced ovulation in well developed female toads when injected at a dose 
from 14 to 20 ec. Ovulation was never obtained when the urine tested 
corresponded to pregnancies older than 114 days. Parallel determinations 
on male toads showed that when the title of chorionic gonadotrophin in 


Fic. 4.— Abundant ovulation provoked in a normal Bufo arenarum (Hensel) toad, 
injected with urine from a woman affected with chorioepithelioma. 


the urine was equivalent or superior to 300000 international units per 
liter, ovulation occured in 100 per cent of the injected female toads. When 
the potency, on the other hand, reached only or was inferior to 30000 
international units per liter, ovulation never occured. Ovulation of the 
female toad, Bufo arenaruwm Hensel produced by the urine of normal preg- 
nant women, because of the limited period within pregnancy during which 
it can be obtained and also because of the inconsistency of response, cannot 
be recommended as a diagnostic test (Allende and Orias (7°). 

The fact that chorionic gonadotvp.uin can induce ovulation in the toad 
in the absence of hypophvsis is very remarkable inasmuch as in mammals it 
does not exert a complete action on the gonads unless the hypophysis is 
present (**, **, **, ,°*). it is also interesting to remark that the behaviour 
of human chorionic gonadotrophin in its purified form or as it is naturally 
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secreted in the urine, shows another difference between hypophyseal and 
chorionic gonadotrophin, in so far as ovulation in the toad is concerned. 
In fact, while hypophyseal gonadotrophins appear highly specific, as it is 
impossible to obtain ovulation in the toad with mammal’s hypophyseal 
principles, it is relatively easy to obtain it with a chorionic factor origi- 
nated in a mammal. 

Effect on the oviducts.— Purified chorionic gonadotrophin from 
human origin is effective in promoting the secretory activity of the 


lic. 5. — Abundant ovulation provoked by injecting urie of woman affected with 
chorioepithelioma on a Bufo arenarum Hensel toad, hypophysectomized 48 hours 
before. Besides the great number of ovular chains which have been expelled, the 
uterine sacs are still full of ova. 


oviduct of the toad even in castrated animals, but only when adminis- 
tered in high doses. Seven thonsand I. U. via the dorsal lymphatic sac, 
or 2501. U. locally applied, will produce 50 per cent positive reactions 
in castrated females (Allende and Orias (**). The effect is slow, requi- 
ring at least 48 hours. If the ovary is present and ovulation occurs. the 
reaction is considerably stronger: smaller doses are needed. It is of in- 
terest, however, to point out that if the chorionic gonadotrophin is in- 
jected to a non castrated female with one of her oviducts blocked between 
two ligatures, although an abundant secretion will occur in the unobstruc- 
ted, oviduct, through which all the released ova will pass getting their 
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usual muco-gelatinous cover, no secretion may take place in the occlu- 
ded oviduct, even in cases of complete ovarian exhaustion. This fact 
bespeaks for the importance of a mechanical factor as a coadjuvant in 
activating the oviducal secretion and minimizes the importance of a 
hormonal! influence exerted by the ovulating ovary. The urine of woman 
affected with chorioepithelioma produces a frank secretory reaction of 


Fic. 6.— Abundant secretory response of the oviducts of a castrated toad injected 
with urine from a woman affected with chorioepithelioma. 


the oviducts in normal or castrated toads (Allende and Orias (*7). The 
urine of normal pregnant women is also effective when the title of 
chorionic gonadotrophin attains the required threshold (Allende and 
Orias ('*). Figure 6 shows the effect of urine from a case of chorioepithe- 
lioma on the oviduct of a castrated female toad. 


VII. — PHARMACOLOGICAL ACTIONS 


1) On ovulation.— The process of ovulation in the toad is gover- 
ned under natural conditions by nervous and humoral mechanisms. If 
we consider that the intermediaries of nerve impulses are chemical 
substances, we come to the conclusion that eventually we are everywhere 
dealing with humoral factors. The more direct humoral mechanisms 
as well as those which occur in the nervous system, can be either star- 
ted, modified or abolished by adequate pharmacological agents. Any 
research intended to find out substances which may influence the pro- 
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cess of ovulation is very important, since it will contribute to a better 
knowledge and understanding of all its phases. The knowledge already 
acquired in the female rabbit, whose ovulatory mechanism is similar to 
the toad’s, can guide the research in relation to the latter. 

Markee and co-workers (*7:**) have shown that in the female rab- 
bit a chemical intermediary of adrenergic nature provokes the libera- 
tion of the luteinizing factor whose discharge induces the post-coitus 
ovulation. This group of investigators found that the intrahypophyseal 
injection of small quantities of adrenaline can provoke ovulation in the 
female rabbit and that adrenolytic agents like dibenamine can inhibit 
the ovulation consecutive to coitus. 

The fact that ammonium-tetraethyl-bromide can also prevent ovu- 
lation in the doe (Molina and Douard (*') ) has reinforced the validity 
of the theory on the part played by the chemical mediators in the ovu- 
latory process of the female rabbit. 

It was interesting to ascertain how far similar pharmacological pro- 
cedures could act, provoking or modifying the ovulatory process in the 
toad. A summary follows of the results obtained along this line. 


a) Action of adrenaline. —On our part, we have found in expe- 
riments still unpublished, that the subdural local injection or 100 to 
650 micrograms of adrenaline in the hypophyseal loge in immediate 
contact with the hypophysis, does not produce ovulation in Bufo arena- 
rum Hensel. All the animals thus treated ovulated, however, 6 days 
later, after hypophyseal implantation. 

To the same order of observations, in reference to the part played 
by the chemical mediators in the neuro-humoral mechanism of ovula- 
tion, belong Kehl and Molina’s findings (**) that procaine intravenously 
injected prevents in the female rabbit the ovulation provoked by both 
seric and chorionic gonadotrophins. In Bufo arenarum Hensel we have 
found ('*) that procain in a total dosage of 80 to 100 mg. administered 
in the lapse of 4 hours, does not prevent ovulation even when the drug 
produced marked general anaesthetic effects. 


b) Other agents.— From another point of view, considering that 
ultimately the mechanism which produces the liberation of ova depends 
on cellular phenomena in which the protoplasmic activity plays the 
leading réle, studies were made to find out the action of varied proto- 
plasmic poisons and antiiotic agents on ovulation produced by hypophy- 
seal implantation. 

We found (**) that quinine hydrochloride in doses inferior to 40 mg 
administered in a lapse of 15 hours, had no effect on either ovulation 
or oviposition. With higher doses, which were not fatal within the next 
9 hours, only half of the animals ovulated and among these only in 50 % 
oviposition took place. We also observed that implantation of chromophil 
pituitary lobes which had remained immersed 8 hours in 4 to 6 per cent 
quinine hydrochloride solutions, only in 1 out of 6 cases determined ovu- 
lation and oviposition. In the remaining 5 ovulation was completly 
lacking. In none of the above mentioned circumstances did quinine hy- 
drochloride inhibit the discharge of spermatozoa following hypophyseal 
implantation in the male. 

The actions of the p-(Phenyl-propyl-amino)-Phenyl-sulpha-amido- 
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thiazol-sodium disulphonate and of sulphanyl-amido-thiazol (*°) were also 
investigated. Ovulation and oviposition were abolished by these drugs 
only when they provoked an obvious intoxication of the animal, as 
shown by a very poor general condition or death. There was no change 
either, in the gonadotrophic power of the hypophysis removed from 
animals persistently treated with well tolerated doses of sulphanyl-ami- 
do-thiazol. When the chromophil lobe of the hypophysis was submitted 
“in vitro” to the action of the drug, a certain diminution of its ovula- 
tion producing potency was observed, but its power to provoke the libe- 
ration of spermatozoa in males remained unchanged. 

Furthermore, without any preconceived hypothesis, and only for 
the sake of the experiments, antihistaminic agents like tripelennamine 
(pyribenzamine) and prenazoline (antistine) and adrenolytic drugs such 
as dibenamine, were tried. None of these altered ovulation and ovinosi- 
tion in the female toad or the release of spermatozoa in the male. Dibe- 
namine, perhaps, seemed in some cases to delay oviposition. 

In the South African toad Xenopus laevis. testosterone, androste- 
rone and other related compounds provoke ovulation (** °°). The same 
effect is produced by progesterone (*’**). None of these substances 
induces ovulation in Bufo arenarum Hensel (* *"). 

2) On the oviduct.— As already pointed out, the best method to 
study the effect that a given substance may have upon the secretion of 
the oviduct’s glands, consists in blocking a segment between two liga- 
tures and then injecting the agent under study (**). The effect of 
hormones, vitamins and diverse pharmacological agents has been stu- 
died in this way. 

a) Hormones.— Estrone injected at a dose of 480 international 
units during 3 days, or at a rate of 10000I1U daily during 2 days or 
500001U in a single dose, did never produce secretion in numerous 
experiments (°:7). Houssav (*") obtained mild reactions in one third of 
the animals treated, only by administering the hormone during a pro- 
longed period. 

Testosterone, administered either locally or through a systemic way, 
produces negative results (* *°). 

Substances with progestational action in mammals. — Progestero- 
ne, ethynil-testosterone, desoxycorticosterone and ethynvl-androstenediol, 
deposited in the lumen of the oviduct produce an intense secretory res- 
ponse (*°). 

The effect of other hormonal factors was analysed when considering 
the action of the hypophysis on the oviduct. 

b) Vitamins. — On account of the important réle played by vitamins 
in the functious and correlations of the sexual system it was interesting 
to ascertain the effect which they might have on the genital tract of 
the toad. 

Ascorbic acid. — According to Tabarelli Neto (*) the sodium salt 
of ascorbic acid administered subcutanously to Bufo marinus, produces 
abundant secretion of the oviduct’s glands. Houssay (**) after local 
injection in Bufo arenarum saw positive responses with 50 and 100 mg; 
with 300 or 600 mg administered subcutaneously the response was slight 
or null. 
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_ On our part (**) we have verified in Bufo arenarum Hensel that 
ascorbid acid, in doses of 5, 10, 20 and 40mg, injected in the cavity 
of a segment of the oviduct blocked between two ligatures, produced 
secretion of the glands in all treated animals, regardless of whether the 
chromophil lobe of their hypophysis was present or not. The intensity 
of the reaction was proportional to the dose employed. When the injec- 
tions were given via the dorsal lymphatic sac, doses varying between 0.25 
and 1.0 g of ascorbic acid were necessary to obtain weak reactions. So- 
metimes the effect was negative with the highest doses employed. 


Thiamine. — Thiamine hydrochloride, locally injected in the same 
way and doses that sodium ascorbate, produced frankly positive reac- 
tions with doses of 40mg; positive weak reactions with 10mg and 
negative ones with 5 mg. Doses of 40 mg injected via the dorsal lympha- 
tic sac gave always negative results (**). 

Tocopherols. — Tocopherol or a mixture of a, # and y tocopherols 
locally administered in doses varying between 0.5 and 80 mg per injec- 
tion, in no case produced secretion of the oviducal glans (""). 

a — Calciferol, locally applied, gave negative results [Hous- 
say (*)]. 

Foue acid. — Folic acid, inactive per se, greatly enhanced the weak 
trophic effect of estradiol on the oviduct [Penhos and Cardeza (‘")]. 

c) Other substances. — Miscelaneous substances of the most varied 
pharmacological and chemical significance have been assaved in rela- 
tion to their effect on the toad’s oviduct. Houssay (**) studied choles- 
terol, alloxan, acethylcholine, pilocarpine, adrenaline and eserine, obtain- 
ing always negative results, even after local :dministration. On our 
parte we have tried, with equally negative results, dibenamine, antistine 
and pyribenzamine (unpublished) some sulphonamides (*°) and quini- 
ne (*"). We also found that, conversely, none of these substances inhibits 
the secretory effect produced by hypophyseal implantation. 


VIII. — PECULIARITIES OF THE HORMONAL CONTROL OF THE FEMALE 
TOAD’s SEXUAL FUNCTION 


After the preceding description, in may be useful to summarize some 
general ideas concerning the hormonal control of the sexual functions 
in the female toad Bufo arenarum Hensel. 

It is evident that the regulating mechanisms are in this animal 
much simpler and slower than in mammals. 

In the first place, in the toad’s hypophysis only one hormone (or 
hormonal system) can be clearly identified as exerting a neat selective 
and specific effect on the sexual mechanism, namely the one which 
provokes ovulation at the moment of mating or when hypophysis is 
implanted for the purpose of experimentation. 

It is less easy to assert or deny that the same hormone (or hor- 
monal system) is responsible for the secretion of the oviduct which 
accompanies and complements ovulation. The fact that the ovulatory 
action upon the ovary and the secretory effect upon the oviduct are 
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intimately related, bespeaks for a singular hormonal mechanism; in 
fact, it is impossible to obtain ovulation without concomitant oviducal 
secretion. The fact, on the other hand, that the secretory reaction of the 
oviduct is less specific, being elicited by a great number of substances 
of the most varied chemical nature and pharmacological significance, is 
compatible with the possibility of a more complex mechanism. 

Considering that both the injection of prolactin and that the im- 
plantation of mammalian hypophysis may induce the secretory response 
of the oviduct, but no ovulation, we could be led to think that the toad’s 
hypophysis contains at least two principles: one similar or identical 
te that present in the mammals’ hypophysis which exerts a secretory 
action upon the ovic:c', and a second one, present only in the toad’s 
hypophysis with specific ovulatory power. It should be pointed out, 
however, that the very lack of specificity shown by the secretory action 
suggests that such an effect could be ascribed to the ovulatory principle 
as well. 

The point should also be considered whether an hormonal unity or 
multiplicity exists as regards the control of the development of the gonad 
on one side, and the control of ovulation on the other. In mammals, the 
existence of at least three hypophyseal hormones of specific action upon 
the development and activity of the ovary, is becoming more and more 
evident; the follicular stimulant hormone (F.S.H.) the luteinizing hor- 
mone (L.H.) and the luteotrophic hormone (thought to be identical to 
prolactin). In the toad, there is not evidence enough, in our opinion, 
to accept the existence of separate hormones specifically concerned 
with the development and maturation of either the ovarial follicle or the 
ovum. The influence of the hypophysis on the development and the ana- 
tomical and functional maintenance of the ovary may well be due to the 
general metabolical effects of the gland. As for the luteinizing and 
luteotrophic principles, we can safely rule them out in their effects on 
the ovary because there is no structure in the toad, equivalent to the 
corpus luteum. There remains, therefore, as the sole hypophyseal prin- 
ciple with obvious and specific action on the ovary in the toad, the hor- 
mone wich induces ovulation at the moment of amplexus. 

As far as the endocrine activity of the toad’s ovary is concerned if 
it really has one, cannot be compared, neither in intensity of effect nor 
in speed of action with the endocrine activity of the mammalian ovary. 
The very nature of the hormones secreted (should any one be produced) 
may be entirely different, inasmuch as the effect of estrogens on the 
genital tract of the toad is so weak that it is very difficult to demonstrate. 


It is pertinent to point out here that in the histological structure 
of the ripe ovary of the toad there is nothing that even remotely would 
suggest a glandular nature for any of the cellular types therein present. 
The ovary is structurally very simple: it is constituted almost entirely 
by ova held together by extremely unconspicuous endotelial leaflets and 
some scattered smooth muscle fibers. 

This all shows that the hormonal control of the reproductive pro- 
cesses in the female, relatively simple in amphibians, has become more 
and more complex as morphological evolution has progressed to differen- 
tiate the zoological groups. 
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The diversification and increased complexity of the hormonal system 
of the more evolutioned forms has given them the advantage of quicker, 
more precise and better adapted reactions for a more adequate fulfil- 
ment of their final purposes. 


The authors are indebted to Sefora Maria Isabel Ferreyra de Pinto for the 
translation to English of the present paper. 

Most of the work by the present authors here reviewed was partly financed 
by grants in aid from the Asociacién Argentina para el Progreso de las Ciencias and 
the Fundacién Juan Bautista Sauberd4n, from Buenos Aires, Argentina. 
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EFFECTS OF RADIOACTIVE PHOSPHATE ON THE 
EXCITABILITY OF MAMMALIAN NERVES 


J. GARCIA RAMOS 


(Department of Physiology of the Instituto Nacional de Neumologia, México) 


j N 1951, Keynes reported that beta radiation did not have any signifi- 

cant deleterious effect on invertebrate axons for activities up to 

25 mc/1, and for times no longer than about 10 minutes with the nerves 
immersed in the solution. 

In view of the growing importance of radioactive elements in biolo- 
gical research it was decided to study the effects of beta radiation on 
mammalian nerve fibers using greater concentrations and longer times 
than those employed by Keynes. In addition, with an ion such as phospha- 
te it should be worth while to study the possible role of this anion on the 
exchange through the nerve membrane during activity. 

It is now clear that nerve activity is associated with movement of 
ions across the membrane. Keynes (1951) and Keynes and Lewis (1951) 
have shown that invertebrate nerves gain sodium and loose potassium 
as a result of activity. Hodgkin and Huxley (1952), with their method 
of voltage clamping, were able to correlate the movement of these ions 
with the measured membrane currents during the excitation process and 
the conduction of impulses. 

From this last study it appears as if the movement of these ions, 
sodium and potassium, could account for all the known facts. Anions, 
however, have received very little attention although it is theoretically 
possible that they might play a role. Thus, Lorente de No (1947) has 
described very interesting facts about the changes of demarcation po- 
tential and of excitability produced by the bicarbonate ion. Hodgkin 
and Huxley in an earlier paper (1945) pointed out the possibility that 
an active membrane might become selectively permeable to anions which 
are present in the axoplasm but are in low concentration outside, as an 
alternative explanation for the reversal of potential at the surface mem- 
brane of an active nerve. 

The study of Keynes and Lewis (1951) showed a gain in chloride 
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in stimulated squid axons, a change which is significant but not of the 
magnitude postulated by Hill (1950) from his observations on Sepia 
axons by an indirect method. 

Phosphorus exchange studies have given poor and sometimes con- 
tradictory results. Grande and Richter, in preliminary reports, observed 
a greater uptake of P** with stimulation of frog nerves either isolated 
(1949) or in situ (1950). Mullins (1954) showed that stimulation de- 
creased the uptake but did not affect the total content of previously accu- 
mulated P**. Keynes and Lewis (1951) found an increased content in 
stimulated invertebrate axons, as compared with the resting controls, 
although they themselves express some doubt on the validity of those 
measurements. 


METHOD 


Peroneal and popliteal nerves taken from rabbits under nembutal 
anesthesia were used. For P uptake thew were immersed in Ringer’s 
solution, phosphate buffered, and to which P* in the form of HPO4 
ions were added in variable amounts. 

At intervals of five to ten minutes the nerves were passed to a 
moist chamber and stimulated at different frequencies for 10 to 20 


-minutes. Control nerves were out of the solution at the same time, 


and for the same periods, but not stimulated or merely tested for exci- 
tability and conduction with single shocks. At some determined time 
all nerves were washed in a large amount of Ringer’s solution for 
about 5 minutes, then they were wiped with filter paper, placed on a 
glass slide and dried under a current of air. On the next day the nerves 
were tested for radioactivity as described below. i 

For phosphorus loss the nerves were left in the P* solution for 30 
to 60 minutes, then for variable intervals in a large amount of Ringer’s 
without the radioactive material, alternating with periods out of the 
solution and over electrodes for stimulation and recording. The effects 
of stimulation were studied applying brief maximal shocks, 0.2 msec du- 
ration, at a frequency of 60/sec. Control nerves were tested for exci- 
tability with occasional single shocks. After some time the resting and 
the stimulated nerves were dried in the same way as that described 
above. Some nerves after being in the radioactive solution for some time, 
were placed on a glass tubing through which a slow flow of Ringer’s so- 
lution was established. With the glass tubing in front of the Geiger 
tube window the loss in radioactivity of the nerve trunk could be followed. 

For studying radiation effects, strength-duration curves were de- 
termined previously and at different time after immersion in the radio- 
active solution. The radioactivity of the solutions employed varied bet- 
ween 20 to 160mc/!. This radioactivity was calculated given the con- 
centration of P*? used and taking into account the initial value and the 
degree of disintegration at the time in which the measurements were 
made. No corrections were done for the phosphate content of these 
solutions, since the amount of the radioactive mother solution added 
was very small its activity being very high: 1 to 5 mec/ml. 

For measuring the radioactivity of the nerves, a Geiger tube and 
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a Rate Meter (Philips, model PW 4041) were used. The dried nerves 
were placed just above a circular hole about 4mm in diameter, made 
on a 1/8 of an inch thick lead sheet which was placed in contact with 
the Geiger tube window. In this way radioactivity was measured in short 
segments of the nerve trunk, and every 5mm all along the extension 
of it. 

To test the excitability of the nerves, square pulses from a Stimu- 
lator (Grass, model S4B) were applied through platinum electroaes. 
The responses were measured from the screen of a two-beam cathode 
ray oscillograph (Du Mont 322). Control nerves for these purposes 
were treated in the same way, but immersed in the solution without 
P*, The comparison was always made with the homologous nerve taken 
from the same animal. 

Strength duration curves were determined before and at some 
period during the stay of the nerves in the radioactive solution. The 
method followed was to find the voltage necessary to obtain a spike 
50 % of the maximal one, at that moment, for pulses of varying dura- 
tions applied at a fixed frequency of 1 to 5/sec. 

All the observations were made at room temperature (22-25°C), 
and with solutions of pH 7.2. 


RESULTS 


1) The effects on excitability. —In almost all the nerves stu- 
died, if the time of stay in the radioactive solution was prolonged 
more than 30 minutes a loss of excitability was recorded. The effect 
was a reversible fall of the amplitude of the maximal spike potential. 
The total recovery took from ten to thirty minutes, and remarkably 
occurred whether the nerves were or not washed in non-radioactive so- 
lution and whether the nerves were or not stimulated. 

Even in the stronger radioactive solutions, up to 100 mc/l, and 
in nerves treated for as long as six hours, a partial recovery of excita- 
bility occurred, although in the last cases the excitability had fallen to 
zero (no response with 150 volts, 0.2 msec duration pulses). 

Strength duration curves revealed only that the loss of excitability 
affects almost exclusively the higher threshold fibers. Once a spike 
hegins to reappear it corresponds to the response of the most excitable 
fibers (see figure 3). The recovery curves, and by this is meant the 
increase in amplitude of the spike potential with time, can be modified 
by intervals of: stimulation with higher frenquencies, or anodal or 
cathodal polarizations. For these observations nerves were stimulated 
with brief single shocks at low frequency (1 to 5 per sec) for 1 mi- 
nute intervals alternating with 1 minute periods of the modifying 
procedure. 

Activity with higher frequencies 100 to 1000/sec has a definite 
depressing effect. Having reached a determined amplitude, the spiké 
falls again after 1 minute of high frequency stimulation. 

Anodal polarization in the form of de current or anodal pulses of 
long duration, applied at a relatively high frequency had a definite 
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effect, accelerating the recovery. Cathodal polarization, on the other 
hand, slows this process. 

During the earlier part of the recovery, nerves which did not pre- 
sent any response at all, showed a different behaviour to pulses of long 
duration (10 to 20 msec). Once a response had appeared, weak anodal 
pulses gave two responses, one at the make and another at the break 


V 


1.24 


Fic. 1. — Strength-duration curves of a nerve immersed i: a solution of with 
a yvadioactivity of 100mc/l. Curves taken before (at 5:20h8), and at the mar- 
ked intervals after immersion. 


of the shock. Cathodal weak shocks gave just one response at the break 
(figure 2). If cathodal long pulses are applied to the nerve after a 
series of anodal ones, there appears an “on” response relatively large 
in amplitude. 

As an anodal pulse is increased in strength, the “on” response 
first increases and then decreases. The “off” response first decreases 
then increases. With stronger shocks only the response at the break is 
present (fig 2F). Cathodal pulses give also two responses, at the make 
and at the break. With increasing intensity, the “off” response is get- 
ting smaller until finally it disappears (fig 2G, H and I). 

The loss of excitability induced by beta radiation comes with chan- 
ges in membrane potential. Figure 3 shows some observed changes in 
electrotonus spread. A square pulse of a fixed strength, is recorded from 
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a point at a given constant distance from the site of stimulation, with 
decreasing amplitude at different times during the recovery process. 

An interesting observation is that hemoglobin of the blood left 
on the nerve trunks during dissection shows some degree of reduction 
when the nerves are in the radioactive solution. Once in the humid 
chamber that hemoglobin becomes oxidized again during the recovery 
process, but at a faster rate. 


40- 


30 - 


20- 


20 40 60 80 100 «61140 160 me 

Fic. 4.— Amount of P®2 taken by peroneal nerve trunks from solutions of different 
degrees of radioactivity. Abscissae: Radioactivity of the solutions in millicuries 
per liter. Ordinates: Radioactivity of the nerves at their middle portions, im 
counts per minute (thousands). 


2) The phosphate exchange. — The nerves took radioactive phospho- 
rus very rapidly and roughly in proportion to the activity of the solu- 
tion in which they were immersed (figure 4). Quantitative data of the 
rate of uptake were not taken. They loose the taken P* much more 
slowly. There is a relatively great loss in the first two minutes, the- 
reafter the loss is very small. 


Stimulated activity does not seem to have any effect on any of 
these rates, No significant differences were found between the stimu- 
lated and the resting nerve trunks. 

The distribution of radioactivity along the nerve is very characte- 
ristic (figure 5). It is very large at the ends of the trunks and decreases 
exponentially and rapidly toward their middle portions. That is why 
for comparison purposes only those last portions were considered. Even 
a slight injury in this middle portion gave later a high count. 

Popliteal nerves took more P* than peroneals. The uptake under the 
same conditions, was about double the radioactivity for the popliteals 
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than for the peroneals of the same animal. A greater amount of connec- 
tive tissue at some point on the nerve did not seem to affect the 
radioactivity measured at that point. 


DISCUSSION 


A) The loss of excitability. — The present results indicate that loss 
of excitability is associated with a depolarization of the nerve membrane, 


¢/min 


2 3 5 6 che 


Fic. 5.— Distribution of P*®? along a percnea! nerve. Abscissae: Distances along the 
nerve trunk. Ordinates: Radioactivity measured on segments 4mm long, in 
counts per minute (thousands). 


as follows. a) Anodal pulses favour recovery. 0) During recovery there 
appear first the response at the make of the anodal and at the break 
of the cathodal long pulses (figure 2). c) The greater response is 
obtained at the break of an anoda! pulse (figure 3). d) A further depo- 
larization by long cathodal pulses or by stimulation with high frequen- 
cies (in this case, the spike itself can be equivalent of a cathodal pulse), 
tends to slow the recovery process. e) In the process of recovery the 
space constant of the electrotonus is greater and decreases progressively 
as the recovery advances (figure 3). 

Depolarization of the nerve membrane by itself is not which is 
producing the loss of excitability. A slight reduction in membrane po- 
tential induces, on the contrary, a decrease in stimulation threshold. The 
conditions of those nerve fibers treated with P*? are very similar to 
those under anoxic depolarization (See Lorente de No, 1947). In that 
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case, a reasonable explanation is that the membrane potential is main- 
tained by the activity of enzyme systems of the oxidative metabolism. 
The same seems to be applied to this particular case. The observation 
of the hemoglobin being reduced while the nerve trunks are in the 
solution gives a strong support to this idea. 

It is reasonable to suppose that this same interference of beta 
radiation with oxidative systems be also the factor which produces the 
failure of nerve activity mechanism. Nerves under anoxic depolariza- 
tion are also less excitable. 

The fact that the observed effects are reversible merely by taking 
the nerves out of the radioactive solution might depend on that the 
blocking effect of oxidative enzyme systems is a partial one. Oxygen 
can be utilized much better at the higher tensions, when the nerve is 
in the air, that when it is immersed in the solution. As another alter- 
native we have the possibility that nerves treated with P* need more 
— than the amount they can get simply by diffusion through the 
solution. 

The depolarization of the nerve is genuinely due to the radiation 
effect. Control nerves in Ringer also become depolarized with time, 
but the rate of depolarization is much more slow than the one observed 
in P* treated nerves. 


B) The phosphate exchange.—The results show that phosphate 
ions enters rapidly into the nerve fibers and that this ion probably 
does not move across the membrane during the process of activity as 
a part of the intervening mechanism. 

A fact in support of a simple physical process of diffusion for the 
entrance of phosphate ions is the almost linear relation found between 
the P*’ uptake and the magnitude of the radioactivity measured (figu- 
re 4). The slow process in loosing P** can be due, either to a polariza- 
tion in the membrane that permits more easily the movement frora the 
outside into the axoplasm, or to the bounding of phosphate ions in 
the nerve to some slowly or non diffusible molecule. 

There is evidence in other tissues (Sacks, 1944) that phosphate 
is taken into a cell as a phosphorylated compound. Probably this is 
the explanation for the slowing effect in the uptake by low tempera- 
tures and enzyme inhibitory agents. 

There are several facts in support of the idea that the P*? measured 
is really inside the nerve fiber and not in the connective tissue. a) The 
radioactivity of a nerve trunk is proportional to the number of fibers 
in it, about double for the popliteal than for the peroneal. b) The 
radioactivity measured is not greater toward the peripheral than to the 
central end of the nerves (the peripheral end contains much more con- 
nective tissue). c) Small portions of connective tissue left during dis- 
section do not give segments of nerve with higher counts. d) Washing 
of nerves give very soon almost constant readings. 

Thus our data support the idea of Keynes and Lewis (1951) that 
phosphate ions probably do not play any role in the mechanism of 
activity and that the increase observed by other authors can be probably 
ascribed to damage of some kind to the nerve. Our data show clearly 
that measurements of P* uptake in nerves has to be done either on 
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intact trunks or at some distance from the crushed ends. And, further- 
more, it would be better to take counts from short segments all along 
the nerve than total counts from a simple portion, or the whole trunk. 


SUMMARY 


The effects of P** are studied upon excised peroneal and popliteal 
nerve trunks taken from rabbits. 

Strong radioactivity of the solutions affects markedly the excita- 
bility of the nerve fibers. The most depressed are the less excitable 
fibers (figure 1). 

Recovery of excitability occurs spontaneously simply by taken the 
nerve trunks out of the solution, it can be accelerated by anodal pola- 
rization and slowed by activity, or cathodal polarization. 

Depression of excitability can be due to a partial blocking of oxygen 
utilization, as the whole pattern is very similar to that of anoxic depola- 
rization described by Lorente de No (1947) for the frog nerves. 

P*? uptake is proportional to its concentration in the solution (fi- 
gure 4). Its distribution along the nerve is constant at the middle 
portions. Toward the injured ends its concentration greatly increases 
(figure 5). 

When washing the nerve in running saline solution a considerable 
loss occurs in the first two minutes, after which the loss is very slow 
and the radioactivity measured soon reaches a steady value. 

Nerve activity does not modify neither the rate of uptake nor the 
loss of phosphate ions, at the concentration used in this study. 

Reasons are given to support the idea that phosphate ions are in- 
side the nerve fibers and not in the tissue of the extracellular spaces. 


; ~ ‘Thanks are given to Philips S.E.T. of Mexico who kindly lent the equipment 
for radioactivity measurements. 
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‘THE INFLUENCE OF AXON LENGTH ON THE COURSE 
OF WALLERIAN DEGENERATION OF THE 
MOTOR END-PLATES* 


JUAN D. VIAL 


(Department of Anatomy. Catholic University of Chile) 


4 YZAGUIRRE, ESP{LDORA AND LUCO ('), and Luco and Eyzaguirre (?), 

4 have shown in the tenuissimus muscle of the cat, that the physio- 
logical alterations in the neuromuscular synapse after nerve section 
appear earlier in the endings near the site of the section, and spread 
then distalwards. They concluded that the greater the amount of 
axoplasm attached to a motor ending, the greater will be its resistance 
to degeneration. It would thus appear that zones of the axon far re- 
mote from the synapse are able to exert a trophic influence on it. It 
gern desirable to study these phenomena from an anatomical point 
of view. 


METHODS 


The muscle tibialis anterior of the guinea pig was studied with 
the silver impregnation techniques of Cajal and Gros. 

The observations described under paragraph 2 in “Results” were 
made in animals whose sciatic nerves had been sectioned on one side 
at the level of the great trochanter 24, 30, 36 and 48 hours prior to 
sacrifice. The muscles on the opposite side served as norma! controls. 

For the experimental series described under paragraph 3 in “Re- 
sults”, the following procedure was used: 

In ten animals, the sciatic nerve was sectioned on the left side at 
the level of the great trochanter, while on the right side the nerve to 
the tibialis anterior was transected near its entrance to the muscle. 
Thus, on the left side, the degenerating nerve measured akout 4 cen- 
timeters, while on the right side it measured only 2-3 millimeters. In 
four animals, both sciatic nerves were sectioned at the level of the 
great trochanter. All the animals were killed thirty hours after the 
operation. A small piece (100mg) of tibialis anterior was excised 


* This work was helped in part by a grant from the Rockefeller Foundation. 
Received for publication, April 15th, 1955. 
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from the vicinity of the site of entry of the nerve into the muscle and 
fixed in chloral-hydrate-alcohol-ammonia. Silver impregnation, in the 
87° C incubator, in a 2 % AgNO solution according to Cajal’s classical 
technique was made. In order to avoid, as far as possible, the effects 


Fic. 1.— Normal motor plate under high-dry objective. Cajal method. 


Fic. 2.— Normal motor plate under oil-immersion. Cajal method. 


of the well-known capriciousness of silver techniques, the incubation 
time was extended to three weeks, and in each experiment, the pieces 
of muscle from the right and from the left side were incubated in the 
same container. After reduction in pyrogallic acid-formalin and embed- 
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ding in paraffin, the blocks were serially sectioned at 10,. From each 
series a given number of sections was taken (25 to 50%) and the 
number of surviving motor plates counted in them. The amount of 
muscle tissue studied was estimated by projecting the sections at low 


Fic. 3.— Small intramuscular nerve with extensive fragmentation of the axons. 
30 hours ofter section. Cajal. 


Fic. 4.— From the same experiment as figure 3. The nerve at its site of entry into 
the muscle shows ..ormal anatomical features. Cajal. 


magnification on paper, cutting out the silhouettes and weighing. In 
this way. for each muscle, a ratio was obtained between the number 
of plates found and the amount of muscle tissue examined, expressed in 
arbitrary units. j 
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RESULTS 


1) The normal motor plate. — The normal motor plate in the tibialis 
anterior of the guinea pig measures 20-25,. The branching is formed 
by three to five slightly wavy twigs (figs 1 and 2). Two types of nuclei 


Fic. 5. —Intramuscular nerve with normal and fragmenting axons. 30 hours after 
section. Cajal. 


* 


Fic. 6.—ZIJntramuscular nerve, thirty hours ofter section. There is no fragmenta- 
tion of axons. Cajal. 


can often be discerned: round, chromatin rich nuclei, which lie near 
the site of entry of the nerve fiber, and lighter stained, larger nuclei, 
which lie in the sole of the plate and which frequently show a pointed 
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ending directed towards the branching. The shape and the degree of 
staining of motor end-plates are subjected to wide variations within 
the same muscle. These variations must be taken into account in any 
study of the degeneration of the motor end-plates. 

2) The motor end-plates under degeneration.— The moment of ap- 
pearance of the degenerative phenomena is somewhat variable. In some 
cases, the degenerating nerves show very slight differences when com- 
pared with normal controls, while in others, they are the seat of exten- 
sive fragmentation within the same period of time (figs. 3, 5 and 6). 
As it is already known, degenerative phenomena appear first in the 
fine intramuscular branches; it is often observed, that while these are 


Fic. 7 and Fic. 8. — Degeneration motor plates, thirty hours after section. They 
show deep silver stainability. Cajal. 


already seriously damaged, the extramuscular nerves are still anatomical- 
lv normal (figs. 3 and 4). Tello (*) has described a series of stages in 
the degeneration of the motor plate. In the present research it has 
not been possible to establish a definite sequence of stages; it seems 
probable that the degenerating end plates tend as a whole to stain more 
deeply with silver and to show such structural anomalies as coalescence 
of their branches (figs 7, 8 and 9); but, as it has already been stressed, 
the normal plates also show variability, both in shape and degree of 
staining. For the above reasons any criterion to evaluate the intensity 
of the degeneration, based upon a study of intermediary stages of the 
process in the plates was considered unreliable. 

As degeneration progresses, numbers of empty motor plates are 
found, in which the damaged nerve fiber ends abruptly at the entry 
of the plate without branching into it (fig 10). The preceding observa- 
tion offers a method for evaluating the intensity of the motor plate 
degeneration at a given time; this method is based on an evaluation of 
the number of plates whose arborescence is still stainable. This tech- 
nique was described in detail under “Methods”, and it was used in the 
experiments reported in paragraph 3. 
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Fic. 9.— Degenerating motor plate. 30 hours after section. Gros mc<-thod, 

Fic. 10.— Degeneiated motor plate thirty hours after nerve section. The grossly 
damaged nerve fiber does not branch into the plate, several nuclei of which are 
clearly visible. Gros method. 


3) Effects of the length of the degenerating axon upon the resistan- 
ce of the motor plate to degeneration. — The results of these experiments 
are recorded in tables I and II. In table I, the results are expressed for 
each experiment as number of plates per unit of muscle tissue. The 
first three columns show the results of the first experimental series, 
where the nerve was cut high on the left side and low on the right. The 
last three columns show the cases where the nerves were sectioned high 
on both sides. The statistical analysis of the cases involved the calcul- 
ation of the value of t which is expressed at the bottom of these columns 
for both experimental series. A wide variation between the individual 
number of plates per unit is apparent, but the statistical analysis of the 
differences in each experiment shows that there is a significantly larger 
number of motor plates per unit of muscle tissue, in the muscles whose 
nerves had been sectioned at a high level (¢ = 3.8). On the other hand, 
when both nerves had been sectioned at the same level, the differences 
in the counts of motor plates were not significant (t — 0.6). 


Table II, shows for each experimental series the total number of 
plates counted, the total number of muscle tissue units studied and 
the number of plates per unit of muscular tissue. While the three 
series in which section was perfomed at the level of the great trochan- 
ter show 9.07, 10.5 and 11 plates per unit, the series in which the section 
was performed near the entry of the nerve into the muscle shows only 
1.5 plates per unit. 

In one case not included in these tables it was observed, that on 
the side of the low section, a small nerve had remained intact and the 
number of plates on this side was relatively very high. It is possible 
that in some cases a similar though less obvious experimental error 
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TABLE I 


Ratio Number of surviving plates/Number of muscle tissue units, in two ex- 
perimental series. All counts were made in animals whose nerves had been sectiowed 
30 hours prior to sacrifice. 


First Series Second Series 
Left side Right side Left Side Right side 
Case Ne High section Low Section Case N@ High section High section 
1 5 0.5 11 8.1 9.2 
2 14 1.3 12 10.7 15.9 
3 8.1 eS | 13 79 6.4 
4 11.2 5.5 14 10.7 9.7 
5 12.2 5.9 
6 2.8 1.2 
7 17.8 18.6 
8 6.4 5.4 
9 14.6 5.1 
10 17.7 2.8 
t = 0.62 


could have been present; the importance of this possibility in interpret- 
ing the results will be discussed below. 


DISCUSSION 
As has already been noted, the number of plates varies greatly when 
comparing different cases; there are there main sources of error that 


must be discussed. 
a) In the first place silver technics are known to be capricious 


TABLE II 


Total numbers of plates and muscle tissue units recorded in the two expe 
rimental series of Table I. 


First series Second series 


Left side Right side Left side Right side 
High section Low section High section Hign section 


Total number of plates 679 262 355 371 
Total number of muscle tis- 
sue units 69.8 58.5 33.6 32.4 


Number of plates per unit in 
the series 9.07 4.5 10.5 11 
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and ill-adapted for quantitative studies; this might partially explain 
the differences between different cases; but the results obtained in the 
second series show that under the experimental conditions used, in 
muscles treated alike, the number of plates will be statistically similar. 

b) In the second place there is the possibility that the muscle might 
receive occasionally small supplies of nerve fibers from sources not 
affected by the section. This is a real danger when the section is 
performed near the entry of the nerve into the muscle, but it may 
reasonably be excluded when the section is done at a high level. This 
factor could increase the number of surviving plates in the cases of low 
section, as happened in the case described under “Results”. It is pos- 
sible that a similar condition might explain case number 7 where the 
number of plates on the right side was slightly larger than on the left. 


c) A third circumstance worth noting fur interpreting these res- 
ults is that the degenerative phenomena do not appear in all cases at 
the same time. 

It is perhaps worthwhile to stress that when several cases are 
merged together, and the different sources of error tend to cancel each 
other, these variations tend to disappear, and the differences produced 
by the experimental procedure become quite evident (Table II). 

It is apparent from these results a) that the terminal nervous 
territories in the muscle are particulary fragile after section of the 
nerve trunk, as had already been observed by Tello (*) and b) That as 
far as the motor plates are concerned, the degree of fragility depends 
on their distance to the site of the section, in such a way that the longer 
this distance, the greater the resistance to degeneration. It must be 
noted that, since the results here presented were obtained before obvious 
signs of degeneration appeared in the nerve trunk, the second of the 
above mentioned conclusions could not be explained by a centrifugal 
spread of Wallerian degeneration, which would affect first the plates 
near the site of the section. On the other hand, the fact that the degen- 
eration appears first in the terminals, does not warrant the conclusion 
that it will follow a centripetal course. Anatomical and physiological 
conditions are different in the end-plexuses and nerve trunks. and the 
greatest caution should be taken when extrapolating results from one 
to the other. 


SUMMARY 


A study was made of the Wallerain degeneration of the motor nerve 
endings in the tibialis anterior muscle of the guinea pig. 

The moment of onset of degenerative phenomena after nerve section 
is somewhat variable. The first signs of degeneration appear in the 
fine intramuscular branches. 

The intensity of the degenerative process was measured by the 
number of motor end-plates disappeared at a given time after section 
of the nerve. When the muscle was denervated by severing the nerve 
at different levels, the intensity of the degeneration was greater in those 
cases where the nerve had been sectioned close to the muscle. It is 
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concluded that the greater the length of the degeneration axon, the 
greater the resistance of the motor end-plate to degeneration. 
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CIRCULATORY FUNCTION IN ARTIFICIAL 
HIBERNATION 


ALBERTO VILLAMIL (*), JORGE CLAVIJO (**), RODOLFO J. FRANCO (*), 
RENE M. Buzzi (*) AND ViCTOR ABELARDI (*) 


(* Cardiological Section of the Institute of Clinical Medicine, Ist Chair of Me- 
dicine. ** Blood and Post-surgical Section of the Institute of Neurosurgery “Costa 
Buero”, Faculty of Medical Sciences, University of Buenos Aires). 


7 HE PROCEDURE of artificial hibernation has lately acquired great dif- 
fusion having been applied in many surgical and clinical conditions. 
This fact induced us to study the physiological changes provoked in 
humans by the combined action of cold and neurolytic agents. While 
studies in animals have been made (*) very few investigations have 
been carried out on this subject on human beings, specially on the cir- 
culatory system. 

We started from the assumption that in order to obtain significant 
results really low body temperature should be obtained. Work on ani- 
mals (?) showed that ventricular fibrillation was a frequent occurence 
when temperature reached 28°-27°C or less, this being probably the 
reason why so few have dared to cool their subjects to less than 30° C. 
Nevertheless we reasoned ('*) that cooling the subject after having 
administering the so called “lytic cocktails” (*°) should minimize the 
risks caused by other methods of inducing hypothermia. The neuro- 
endocrine disconnection thus attained should protect the patients against 
any aggressive stimulus, including cold. 

Our experience with cases cooled to temperature below 28°C ('* 
5, 16, 17) showed this to be the case. Ventricular fibrillation or severe 
arrhythmia never occured and the introduction of a catheter into the 
heart chambers induced rhythm changes similar in proportion and cha- 
racteristicts of those which occur in nonhibernated subjects (*5). 


MATERIAL AND METHODS 


Studies were made on 12 subjects, 9 men and 3 women from 6 to 47 
years of age. Six of them were hibernated because of important neurosur- 
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gical operations; 3 because of severe craneal trauma and the other three 
because of serious psychiatric trouble. 

The technique of Laborit and Huguenard ('") was used with slight 
modifications using phenotiazine derivates (Ampliactil, Phenergan and 
Diparcol) and applying cold only after the action of the neurolytic 
and ganglioplegic drugs was duly ascertained. If the patient showed any 
alarming symptoms such as pilorospasm, cyanosis, etc. the application 
of cold (ice bags at the level of the heart, liver and main arteries) was 
temporarily suspended, until a further dose of the aforementioned drugs 
caused the desired effect. All the patients were cooled until a rectal 
temperature of 30°C or less (in one case 22° C) was reached and were 
mantained at that temperature during 36 hours to 5 days. 

Heart and respiratory rates and blood pressure were controlled 
every 3-5 min, and direct venous pressure at predetermined intervals. 
Serial intra and extra cavitary electrocardiograms were obtained at dif- 
ferent temperatures in most cases. 

Hemoglobin values were calculated by the colorimetric method and 
compared with results obtained by the Sahli-Leitz method. Blood volu- 
me was measured with T 1824 (Evans blue) taking 4 samples, starting 
15 min after the injection of the dye and at intervals of 12-20 min. Hema- 
tocrit values were obtained by averaging not less than 5 samples cen- 
trifuged during 45 min at 3000 rpm. 

The 0. capacity and saturation of arterial and venous blood were 
determined by the manometric method, 0, consumption by analysis of expi- 
red air using a Tissot espirometer and basal metabolism with the 
Benedict-Roth apparatus. Venous blood was obtained by heart cathe- 
terism and arterial blood by puncture of a peripheral artery. The work 
of the left ventricle was calculated from the formula W = Mean arterial 
pressure X 13.6 < cardiac output and Total peripheral resistance from 

Mean arterial pressure 
the formula R. P.T. = x 1.332. We failed in our 
CO/60 
attempts to determine circulation time with lobeline. In all the 12 pa- 
tients rectai temperature, cardiac and respiratory rate and blood pres- 
sure diminished gradually and in most cases parallelly with the dimi- 
In 4 a complete study of the circulatory system was made and will be 
reported here in detail. 


RESULTS 


Heart and respiratory rates, and arterial and venous blood pres- 
sure diminished gradually and in most cases parallelly with the dimi- 
nution of temperature (figs. 1, 2, 3 and 4). During the period of 
induction some discordant variations may be encountered. Only in case 
4 an increase in heart rate occurred batween 32° and 29° C. 

Hemoglobin concentration varied between 9 and 19 g and total blood 
volume between -20 and -18 % of the expected (Table I). Hematocrit 
values were practically normal in 3 of the cases (39, 48 and 47 %) but 
were reduced in case 1 (30 %) a patient with a cerebral hematoma who 
had to be submitted to a serious surgical operation (Table I). 
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Oxygen consumption was greatly reduced in all cases and of course 
the same occurred with basal metabolism (-32 to -39%) at tempera- 
tures between 29 and 27°C (chart I and fig. 5). 
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Oxygen capacity of the blood varied between 12 and 18.8 vol and 
arterial blood saturation between 89 and 95 %. Saturation of venous 
blood was much reduced (47 to 63.9 %) the A-V 0, difference being 
thus markedly increased (5.03 to 6.73 vol) (chart II and fig. 5). 
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Cardiac minute volume, cardiac index and cardiac stroke volume 
were markedly reduced (fig. 5). The work of the left ventricle showed 
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Fic. 1, 2, 3 and 4.— Pulse rate, respiratory rate, arterial and venous blood pressure 
of patients 1-4 during the process of hibernation. 
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TABLE I 
Case 1 Case 2 Case 3 Case 4 
Age years 18 42 24 42 
Sex F M M M 
Height m 1.65 1.75 1.73 1.72 
Weight Kg 50 92 62 60 
Body Surface m? 1.53 2.06 1.72 1.69 
Total Blood Velume cc 3800 6150 4550 5990 
Plasma Volume (ce 2660 3750 2370 3190 
Red Cell Volume ce 1140 2400 2180 2800 
H % —5 +11 — 20 +11 
Deviation 
%o —5 — 2 —12 +18 
Hematocrit % 30 39 48 47 
TABLE II 
Case 1 Case 2 Case 3 Case 4 
Sex F M M M 
Height m 1.65 1.75 1.78 1.72 
Weight Kg 50 92 62 60 
Body Surface m? 1.53 2.06 1.72 1.69 
Basal Metabolism cal 36 53 43 39.7 
%o — 35 — 32 — 39 — 38 
Oxygen Consumption ec 137 200 159 153 
Hemoglobin gm 9 12.8 14 13.4 
Hb. Capacity vol. 12 17.25 18.82 17.28 
Arterial O, Saturation vol 11.41 16.12 17.20 15.36 
To 95 93 91.3 89 
Venous 9: Saturation vol. 5.64 11.03 10.47 10.28 
% 47 63.9 56 59.5 
A. V. O: Difference vol. 5.76 5.10 6.73 5.08 
Cardiac Output c2/mn 2390 3930 2360 3010 
Cardiac Index cec/m? 1560 1910 1372 1782 
Stroke Volume ce 37.4 63.2 33.8 43.1 
Work of left Vent. kgm 2.43 5.36 2.58 2.75 
Total Peripheral dyn/cm ‘s 2521 2023 2700 1731 
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values of 2.43 to 5.36kgm/m*, and total peripheral resistence from 
1.731 to 2.700 dym/cm~s (chart II). 

Serial electrocardiograms showed sometimes during the period of 
induction some tachycardia and variable types of arrythmia (specially 
extrasystoles) ; but these invariably disappeared when deep hibernation 
was reached. Once arrived to the latter state a regular and slow rhythm 
with good electrical potentials of the different waves was the rule, P-R 
and QRS intervals were prolonged in proportion to the reduced rate 
while the Q-T interval was disproportionately prolonged. In one case 


the 


index gave a value of 0.690 (figs. 6 and 7). 


V R-R 

In several cases various, but always transitory, changes of S-T 
segment and T waves were observed. The contact of the catheters with 
the cardiac walls induced rhythm changes similar in frequency and 
characteristics to those which occur in nonhibernated subjects. 


DISCUSSION 


Data on tables I and II and figures 1-5 show that the fall in rectal 
temperature obtained through the combined action of cold and neuroly- 
tic agents determines in the hibernated human subject a reduction of 
heart and respiratory rate and arterial and venous pressure which 
is more or less parallel to the diminution in temperature. 

Some partial deviations from this rule does not invalidate it, and, the 
number of cases being small, do not allow any conclusions to be drawn 
as to their mechanism. 

Our results show that the blood volume and the hematocrit do not 
change significantly up to 29 to 27° C. Ou the other hand the 0. satu- 
ration of the arterial blood was found to be near the lower normal 
limit or below it, reaching in one case 89 %, a fact which we attribute 
to the marked reduction of pulmonary ventilation present in these 
subjects. The 0. saturation of the venous blood was markedly reduced, 
determining an increased A-V 0. difference. which may be explained by 
a slowering of the blood stream. With the method used we were not 
able to measure the circulation time, but the decreased 0. consumption 
and the depression of the circulatory function bespeak for its pro- 
longation. 

An increased A-V oxygen difference together with a considerable 
reduction of 0. consumption coincide with a markedly reduced cardiac 
output and cardiac index. The increased A-V oxygen difference in these 
conditions of low body temperature has a favorable effect, since it 
allows the heart to reduce its work. In fact the work of the left ven- 
tricle was less than that expected from the mean blood pressures obta- 
ined if the A-V 0. difference were normal. 

Electrocardiographic observations seem to show that in subjects 
hibernated according to the procedure we have followed no severe 
arrhythmic changes should occur even at really low temperatures, a 
fact which distinguishes it from other methods of hibernation. The type 
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FIG. 6.—Electrocardiogram of case 4 at 32° and 28°. C. (rectal temperature). 
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FIG. 7.— Electrocardiogram of case 1 at 38° and 24° C (rectal temperature) 
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of tracing most common at temperatures below 30° C is in many aspects 
similar to that which appears in severe hypopotassemia or in starvation, 
but it is characterized by the very marked prolongation of the Q-T in- 
terval (figs. 6 and 7). 


SUMMARY 


In four patients submitted to artificial hibernation by the combi- 
ned action of neurolytical agents and cold exposure, observations were 
made on the circulatory function at temperature between 29 and 27° C. 

Heart and respiratory rates and arterial and venous blood pressure 
diminished parallelaly with body temperature. The body volume and 
the hematocrit did not change significantly. 

From the hemodynamic point of view in these 4 patients adapta- 
tion of the circulatory system was characterized by a marked reduction 
of cardiac output concordant with a reduced 0. consumption and an in- 
creased A-V 0. difference. Arterial blood 0. saturation was slightly 
reduced. The work of the left ventricle was markedly reduced. 

The electrocardiographic study during profound hibernation revea- 
led a slow and perfectly regular rhythm with good electrical potentials 
and a marked increase of the Q-T interval. During the period of in- 
duction some rhythm changes may appear (sinus tachycardia, extrasys- 
toles) of no consideration in our cases. 

These studies show that in profound hibernation a global decrease 
of circulatory activity exists which is broadly parallel to the decrease 
observed in other vital activities. Further work is necessary for the 
complete elucidation of the mechanisms of circulatory adaptation in ... - 
tificial hibernation. 
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Reaction of miocardium succinoxydase with sulfonated urea compounds. 
By A. O. M. STOPPANI AND J. A. BRIGNONE. Institute of Biochemistry, 
Faculty of Medicine, Buenos Aires. 


19 — The action of apliphatic and aromatic urea compounds, simple and sulfo- 
nated, on succinoxidase was studied. Among the several substances tested Bayer 205 
(suramin, antrypol, etc.) was the most poverful inhibitor of succinoxidase. 


2° — B 205, inhibits succinoxidase mainly at the level of succinic dehydrogenase 
and fullfils the requirements of the Michaelis-Menten theory for competitive inhi- 
bition, one molecule inhibitor binding one enzime active group. The integrity of 
B 205 molecule is essential for succinic dehydrogenase inhibition. 

3° — 1-Naphtylamine-4, 6, 8-trisulfonic acid seems to be essential for B 205 
action and also inhibits competitively succinic dehydrogenase though with far less 
intensity. Phosphate ions diminish the action of 1-Naphtylamine, 4, 6, 8-trisulfonic 
acid. 

4° — Basic proteins such as salmine or cytochrome c, prevent succinic dehydro- 
genase inhibition by B 205. There are close analogies between the inhibition of 
succinic dehydrogenase and the reaction of B 205 with basic proteins. 


5° — B 205 inhibits succinate oxidation by heart muscle sarcosomes or liver mi- 
tocondria. If the inhibition is related to the amount of B 205 bound by the weight 
unit of those preparations the effect of B 205 becomes higher than with the purer 
heart muscle succinoxidase, thus proving the selectivity of B 205 when reacting with 
tissue proteins. 


Intrasplenic graft of the ligated ovary. By E. FELS. Maternity Instt- 
tute, Ministery of Public Health, Buenos Aires. 


The hormonal hyperfunction as a consequence of the ovarian ligature is only 
observed when the ligated ovary is left in its place. When the ligated ovary is 
grafted in the spleen this hyperfunction is transformed into hypo or afunction. 
The formation of an ovarian tumour occurs very rarely in these conditions. 


Interaction between somatotrophin, estrogens and folic acid in hypo- 
physectomized rats. By J. C. PENHOsS AND A. B. FAJER. Institute of 
Biology and Experimental Medicine, Buenos Aires. 


The increase of weight of the hypophysectomized rats produced by somatotrophin 
was reinforced by folic acid. The action of estradiol benzoate on the uterus was 
increased by somatotrophin or by folic acid; given at the same time there is no 
addition of the effect of the latter substances. The thymus weight was increased 
by somatotrophin and folic acid does not medify this response. The thymus weight 
is decreased by estrogen and this involution was greater by addition of folic acid. 
Thyroid and adrenals weights were not modified by somatotrophin or estradiol. The 
weight of kidney and liver was increased by somatotrophin; folic acid augmented the 
action on liver. 


Spermiation produced by phenolic amines in Leptodactylus ocellatus 
(L.) Gir. By M. S. MOZART PEREYRA SOARES. I/nstitute of Physiology, 
Faculty of Medicine of Porto Alegre, Brasil. 


D L-isuprel was more active than L-Cobephrine, both substances producing sper- 
miation by subcutaneous injection of 0.01 mg. L-adrenalin is less active, the threshold 
dosis was 0.1 to 0.05 mg in different seasons. D-adrenalin was seven times less active, 
2/12 positives results could be observed with 1mg. The longer chain (isopropyl) 
united to the aminic group in Isuprel increases the activity observed with the methyl 
group in adrenalin. 
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NORMAS PARA LA PRESENTACION DE TRABAJOS 


Los trabajos deben ser enviados al Jefe de Pemiene del ys de origen. Si no 
existiera Comité Editorial, deberfn ser enviados a la Secretaria de Redaccién de Acta 
Physiologica Latinoamericana, Avda. R. Séenz Pefia 555, Buenos Aires, Argentina, La 
revista no se responsabiliza por los dafios sufridos por el manuscrito o por su pérdida. 
Se recomienda a los autores conservar una copia completa de los trabajos que envien 
por correo. 

Se aceptan articulos originales inéditos o que hayan sido publicados previamente. en 
forma parcial o completa en alguna revista local. 

Los trabajos deberén ser escritos a m&quina en papel tamafio carta, no transpa- 
rente, a doble espacio y con amplio margen. Las ilustraciones deber4n estar numeradas 
(fig. 1, fig. 2, etc.), y Mevar al pie una leyenda clara y concisa. Las fotografias hechas 
en papel brillante, nitidas. Los graficos y diagramas, dibujados con tinta china sobre fondo 
blanco, listos para_ reproducir. 

Se publicar4n trabajos escritos en castellano, portugués, francés o inglés. Los que 
estén escritos en castellano o portugués deberd4n contener al final un resumen en inglés. 

Las citas bibliogr4ficas se haran en el texto mediante néimeros [por ej.: algunos autores 
(2,15) y en especial Jones (5)] o autores y afio [por ej.: (Breslauer, 819) Al final del 
trabajo la bibliografia se ordenaré alfabéticamente y con numeracién progresiva, en el 
primer supuesto, y alfabéticamente en el segundo. Para las abreviaturas de las revistas, etc., 
se seguiran las recomendaciones del World List of Scientific Periodicals. La disposicién 
de tales citas debe ajustarse a los ejemplos siguientes: 


(2) Brestaver, J. D.: J. Physiol., 1949, 151, 50. 
(2) Gotppercer, E.: Unipolar lead electrocardiography, Philadelpia, Lea and Febiger, 
1947. 


(8) Gémez, S. L., Pérez, J. M., Lépez N. A.: Acta physiol. Lat.-Amer., 1950, 1, 43. 
(*) Pazce, L. M., Scutenk, F.: Federation Proc., 1950, 9, 212. 


De acuerdo con el cardcter del articulo (articulo de conjunto o comunicacién original) 
constar4 o no el titulo completo de los trabajos citados en la bibliografia. 


Las medidas y simbolos deben expresarse de acuerdo con las recomendaciones de la 
Comisién de Simbolos, Unidades y Nomenclatura de la Unién Internacional de Fisica, 
aprobados en Amsterdam, en junio 1948 (Ciencia e Invest., 1949, 5, 433). 


Se exponen a continuacién algunas abreviaturas comunes: 


metro m litro 1 microgramo ug 
centimetro cm centimetro ctibico cm® om Y 
milfmetro mm _milflitro 
milimicr6n mu gramo g segundo + 
Ansgtrém miligramo mg milisegundo ms 


Para evitar la confusién derivada de la notacién decimal diferente segén los 
se adopta el punto decimal y se suprime toda notacién entre millares sustituyéndose 
un espacio: 10000 (no 10.000 ni 10,000) —0.90 (no 0,90). 
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